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A veling & Porter, Ltd., 
Rocuzstar, K=nt, 
and 72, Cannon Street, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES, 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. non type 
CEMENT-MAKING MACHINERY. 


A. G Munford Le 


OULVER STREET WORKS; COLCHESTER, 

On ADMIRALTY AND War Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 24. 
so Pe OTOMA: ie FEED REGULATORS, 

And Auxiliary ere as supplied to the 





Od 2179 
Pererpae =O Steam, 
HYDRAULIO and HAND. 
of all types and sizes. 
GEORGE RUSSELL & CO., 
Motherwell, near Glasgow. 





Lrp., 





STEEL TANKS, PIPES, GASHOLDERS, &c. 


IT thos. Pi 


See Advertisement last week, page 79. 


Plenty and Son, 


MARINE ENGINEERS, &o, 
Newsvry, Enwe.anp. 9983, 


Mexthine Tools in Stock :— 


Vertical DRILLS, to admit 18 rr. 26 in,, 
and 36 in. diameter. ' Bolt oonnees HINES. 
10}in. centre § Shafting LATHE. Second- 
hand PLANER, Tt. by 6 ft: bys ft. 








JAMES SPENCER & OO., Lrp., 
Chamber Iron Works, Hollin wood, 


flank Locomotives. 
eee and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO., Lep., 
ENGINEERS, NEWCASTLE-ON-TYNE. 4988 
[Thread Milling - Machines for 
DISPOSAL. “Two, brand new, suitable. for 
threading 6 in. shell, or smaller sizes. In Stock, 
} diate delivery. "Can be seen by appointment.— 
s*, E 60, Offices of ENGINEERING. 
(ne -Powerful Economic 
\Y TI-TUBULAR | BOILER (Second-hand), 
Uit. 9 in. dia. by. 14 ft. 6 in. long, suitable for 160 Ib. 
w.p.. DESI Y. 5200 


‘OH IMMEDIAT 
JOHN THOMPSON, Boiler Works, Wolverhampton. 


T= 7 . 
PorSale, National Gas Engine, 
“R” type, 23.HP., ices condition ; had 
ittle use, been kept for y tor removal 
end of May. . Offers Wanted’ "Gan bee be seen at Boston, 
Lincolnshire. 
Address, E 70, Offices of ENGINEERING. 


[ peomotives in Stock.— 


* KERR, STUART & ©O., Lrp., have in stock 

or in @n advanced state of Pp at their 
California Works, Stoke-on-Trent, a large number of 
OCOMOTIVES, with. cylinders from 6 in. to 16 in. 
ii ameter (ine lusive), for all from 18 in. to 
8} in.—Apply to Reese; STUART & OO., Lr., 
Broad Street Place, E. 4570 


Fruller, Hisesey, Sons & Cassell, 


a 
SALE AND VALUATION 
PLANT AND MACHINERY 
ENGINEERING WORKS. 
t BILLITER SQUARE, LONDON, E.C. 
[»vincible (j2xg¢ (lasses. 
BUTTERWORTH BROS., Ltd. 
oton Heath Glass Works, 
Od 9753 




















Od 1834 











tt & Co., Limited, 


Y *: arrow 
HIPBUILDERS AND ENGINEERS, 


Glasgow (formerly of Por.ar, a) 
SPEEDS UP ee AN HOUR. 
PADDLE OR EW STEAMERS OF 


Exceptional ‘Shallow Draught. 


ELS PROPELLED BY STEAM 
Turbines or 
Internal Combustion Engines. 


& Co., Ltd., 


Od 8759 


_j ohn Bellamy, Limited, 


MILLWALL, LONDON, E. 
GuweraL ConsrrvcTionaL Exomresrs. 1216 


Boilers,Tanks& Mooring Buoys 
Sri, Perrot ' Tanks, -Am Rxeosrvers, Sree. 
Cumounyrs, Riverraép Sream and Verti.atixe Pirss, 
~Horrars, Spxcran Work, Reratks or atu Kips. ~ 








Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3ft. diam, 


DOLPHIN FOUNDRY, LEEDS. 


R Gory Launches, or Barges, 





; ‘or Machinery 


ere i & CO., Lao. Pilea vey STREET, PoRTsMOUTH. 


Campbells & Herter, L 4. 


4547 


Built complete with Steam, Oi] or Petrol 
Od 3551 


F[ubes, Iron‘and Steel. 
Edwin Lewis & Sons, “” 
as maton Offce |. Wolverhampton. 





Gtewarts and Ljovds, L@- 





MULTITUBULAR AND 


ochran 
See page 76, last week. SS ware 
QO? Free A Ppliances. 


PRESSURE, 
SYSTEMS { AIR, 
STEAM. 





FOR BOILERS OF ALL TYPES. 
Kermodes Limited, 
35, Tus Tamurte, Date Sraeer, LiverPoo. ; 


109, Fexcuurcn Srrset, Lonpon. 
NAVAL OUTFITS A SPECIALTY. 





designed and constru 

MANNING, payee beat AND COMPANY, T.oarrep, 
yy ime bes orks, Leeds. 

Reo thelr Wuaeneed vertisement page 85, last week. | oo 


R Y. Pickering & Co., Lid. 


. (ESTABLISHED 1864. 
BUILDERS of RAILWAY OARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. 
RAILWAY psy cote rd FOR HIRE. 


Ohiet Works and Offices 
WISHAW, near @Lascow. 





London Office: 
8, Vicroria Srreer, ms 8.W. 


Machine and 


WORK of all eS 





en for Manu- 


sae Wheel, Hastone 
a 


er Sale, One 275 Kw. 


Belliss GENERATING SET. 


mE 





to 250 volta. Immediate deliv 


JENNINGS, 
weastle-on 


West Walls, Ne e. 


CROSS-TUBE TYPES. 


5020 


4078 


Lccomotive Tank Engines 


Od 2487 


ineering | 2-4 Bui 
&c.” Also and wals. 

Bet work, movers sere only Hoes & RUSSELL, 
PATENT ACT.—Rossar omy? Russeut, Lt, 
to undertake the manufacture of articles 


«prepared to 
as esses inate ahvend, ent yen bo piensa’ to Dens Seo Tlustrated Advt. tn eltormate ieoues 


0, 500 volts. Could be 


separately. 
IR, 500 volta, d.c. compound, 210 


4576 


Glasgow and Birmingham. 
See Advertisement page 48. 


gg Amy 


bets it in last 





Sons Pressure 
LOBE VALVE. 
page 20. 


2 me 





80. % “ape 


IN STOOK. 





(S8 Engines, Suction Plants, 
I Tests and Reports. 
advice.—E. J. DAVIS, M.1. Mech. E.,- Great 
Stratford. Telephones: East 1350 


1350; Stratford 
Tel. : Rapidising, London 1794 


gen ee & Knott, 
Lap., Consulting eers to dy British 
Cement Manufacturers, , ADVISE GENERALL 


on on Cement Schemes FOR- ABROAD. 
ADVIC a references. 1890. 


ETT Avenvz, Hutu, 
” Hall. 





Cablegrams: “* 5284 





8353] Tus Guascow Rouume Groox 


H=: Nelson <2 & ‘Ca: Tad, 


Lame of RAILWAY CARRIAGES, WAGONS, 
ARS and EVERY OTHER DESCRIPTION OF 
nAILWAy. a TRAMWAY ROLLING STOCK. 
Makers of Wuzeis and Axes, Ramway Pant, 
Foreme, Surrn Work, Iron anp Brass Castines. 
Office Chief Works: Motherwell. 
hoe cao A a Gordon see oe 31, Queen Street. 
: 14, Leadeni aaeat, E.C. 


Od 3882 
Dredging Plant 


FLOATING ORANES. COAL a. 


Werf Conrad, ene 
Faure Hovsa, 





See hal/-page aavetenad ta 





lasgow Railway 
" Bagnening, Cooney. 


Victoria Berest, 8.W. 


& AXLES. 
CABRIAGE & WAGON IRONWORK, also 
OAST-STEEL AXLE BOXES. 








P & W. MacLellan, Limited, 
a Ph ae GLAsGow. 
RAILWAY pte AND WAGONS, 

OF EVERY DESCRIPTION. 


RAILWAY IRONWORK, BRIDGES, ROOFING, &e. 
Chief Offices : 129, 


THE WELL-KNOWN 


FoR 
wis ee 


“Mansfeld Sand Co, Lid., 





get Pits 
RAILWAY CARRIAGE, WAGON AND TRAMWAY 


6175 


Mechanics and d Yotale 


National Bank 


OF THE CITY OF — YORK. 
EstaBLisHeD 1810, 

OAPITAL (Fully Paid) - «+  «» $6,000,000 
SURPLUS & UNDIVIDED PROFITS $9,000,000 


Fine Re Moulding Gand, ao rat 





l-e Limited, 
R, dezat. 


IRLAM, MANCHESTER. 
CALORIFI BEATERS, ens 
CONDENSES, ati HEA " 


Merrill's Patent TWIN STRAINERS for Pump Suctions 

SYPHONIA STEAMTRAPS. REDUCING VALVES. 

*  High-class GUNMETAL STEAM FITTINGS, 
ATER 80! G and FILTERING, 4924 


arrow. Patent 


_ Water- -Tube Bee 


anne 
Parawts, 





['ubes and Fittings, ct Yarrow Bole 


YARROW & 
RAILWAY CARRIAGES, ELECTRIC TT on 


Het Nas & (., ral 


Tae Giaseow’ Ronune Srock AND ‘PLanr Wonns, 
: dd 3388 





MoTHERWELL. 


Mlaylor & (dallen,. Lid., 


BIRMINGHAM. 
Presses for Sheet Meta! 
"See Advertisement, April 7, pags 47. 


PRODUOTS. 
sow | Vf atthew Pauts Co- | Piss 
Lavenrorp Woras, Dumbarton. 4685 


See Full Page Advt. page 48, April7. 


He ‘Wrightson & Co» 


LIMITED. 











See Advertisement page 29, Aprill4. © 2408 
oke, 


Gas and Oil Fired 
FURNACES. ’ 


4640 
MONOMETER MANUFACTURING OO., Lap., 
Warrenoves 8r., Aston, Brau 
See Advert. page 48, April 14, 








Portiana W reel Lathes, New, Several 


Cry gy between centres 








me een Double-geared ; height of 
6-7 ft., chuck dlomaters'e6- 
GOODOHILD | . MACNAB, 

if epetition Machining Work. 

—FIRMS able to Contracts PLEASE 
punch and Shear Machine 
Consult us. “The Best and the Cheapest.” on 
Stock. Established 


centres from 18- 
56, Eagle Street, London, W. Doo 
COMMUNICATE with E 48. of Exoinexeine. 
Satisfaction 
SOOTT BROS., West Movwr, HALIFAX. 





CHANTIERS & ATELIERS 


A teustin - Normand 


67, rue de Perrey—LE HAVRE 
(France). 


Destroy: — Rai wy 

bmarine and Su 

NORMAND'S Patent Water-tube Boilers, Coal or Oil 
Heating. Diesel Oil Engines. 


Rebber 


Packings “fitmm- 





MANUFAOTURERS 


GUTTA PERCHA & RUBBER, LIMITED, 
Toronto - - Onanada 


(jentrifugals 
= (Sassels & Williamson, 


MOTHERWELL, SOOTLAND. 


6211 








4781 
See half-page Advertisement page 66, April 21. 








ans 





























heed 7s ioi6. 








r[the Manchester Steam Users’ 


For the Proventien el teemmn Beler Explosions and for 
the Attainment of Economy in theA pplication of Steam, | LISHIN' 
9, Mounr Srauer, MANCHESTER, 

Ohiet :0. EB. E StROMEYER, M.LO.E 
Founded 1854 by Sir W. Farsamn. 
FE array oe Safety issued 
— paid ay case of 
Boilers inspected during 
PATENTS AND Dasioxs Acr, 1907, 


AS is Hereb 2 Given that 
JAMES topes ty of nek oat, Sr 


tree, Liverpool, and 
~y nek ars to nerd 
0. 
te in Metai 


and 
losions, Engines and 
5169 





ig t= 


Amendment were set 
forth in the Illustrated Oficial Journal (Patents), 
— on the 19th April, 1916. e me 

Any person, pa amen ray | ve notice o 
sition to the Amendment lace leaving Pensone Perm 
No. 18, at the Patent 25, Southampton 
Buildings, London, W.C., within one calendar month 
trom the date of the _ "Journal. 
TEMPLE FRANKS, 
r-General. 
Address for Service :—W.. P. ompson & Oo., 


@hartered Patent Agents, 6, Lord Street, eats: 


omen’s Kmployment. — 
ecial Course for Women in ENGINEERING 
TRACING, 7 Tuesday and Thureda: ag com- 
mencing on Tuesday, 2nd May, at 7.30, Fee for the 
course - 10s. — Particulars of the spnapeens + 
Barrerszs Pouyrecunio, 8.W. E4é 
A National Need. 
BRITISH SCHOOL OF AERONAUTICS. 
Aeroplanes and Airships, 
and Draughtsmanship. 


Construction, Design 

Complete Postal Courses. 
Also preparation for Exams. of Institutions of 
Civil, echanical and Electri 





h Engineer Requi ired, 
se oe Ee ovate i ae 
Poe g Engineer, iccmlenand 
than works —_ 2 Sy agi to assist ges 
siractional ep he we 4nd buildit 





, and not eligible 
aE ey eg 
, qualifications, and 

wages required, E 99. Encivnerina. 


VY acancy fora Temporary 
ASSISTANT me pee ag ; 

dates shoul ye Uaniveraty graduates Salary £150 
BUPERINTEN DENT 





per annum,—A) 
nials, to be forwarded to the 
OF RESEARCH, Royal Arsenal, Woolwich. E96 


W anted, a Thorough ihly Com- 
petent CHIEF DRAUGH AN, for small 
engineering works in South Wales. No em already | “4 
ya pe on Government work will 
y, =. ee particulars of ey ex 


salary ea &c., to nearest BOUR EX: 
CHANGE, pe th = this Journal a E 116. 


anted, Draughtsman 


foe (architectural or civil engineering). 
Ineli, 


ble for mili service. 
State particu to the OIVIL ENGINEER, 


hs SOR 





E 80 
t. 


oT 

ne or Two First - class 

DRAUGHTSMEN REQUIRED, erably with 
experience < Bp sane pliant and steel works 
machinery. already employed on Govern- 
ment work will t be . State pee, 
salary required, and when at liberty. 
nearest BOARD OF TRADE ae 
mentioning this Journal, and D 


Apply to 


R CHANG 





rical 
PENNINGTONS, 254, Oxford Road, Manchester. 4337 








TENDERS. 
THE METROPOLITAN BOROUGH OF 
HAMMERSMITH 


The Borough Council 


equire a Press for Baling 
Waste Paper. The Machine, the framework of 
siren say Se st Week sf iron, must be capable of 
— Kp bales wei; a oe approximately 4 cwt. 
partioulars, machine, with size of 
ae feed Vwek thereon, to be delivered to me not 
later than Twelve Noon on Friday, the 5th proximo, 
endorsed ‘‘ Tender for —_ Machine.” 
LIE GORDON, 


Town Clerk. 
Town Hall, Hammersmith, W., 
26th April, 1916. 





E 125 








APPOINTMENTS OPEN. 


Lge Midland Manufacturing 


Firm REQUIRE SERVICES of GENTLBMAN 
with first-class experience to assist head of com- 
mercial side of business, including direction of esti- 
mating and co: dence departments, Must be 
competent dictator, with capacity for handling 
extensive correspondence on own initiative. Reply 
should furnish full iculars, a ximate views as 
to salary, and testimonials ( es ~~ BOX se 
Surrn’s Acency, Ltd., 100, Fleet Street, E.C. 


orks Manager Required, to 
take responsible charge of boiler w: 
smithies and foundries of large Midland 
fre peer nip J ble steam en; 
Ln bye cageunena nes, but now em 
on os gr gh woe of arouse ah kinds, 
ed in departments mentioned, 
LIOATION for Candidates who have had direct 
Se Pina on the class of work named, or who have 
asimilar position ina first-class locomotive worke 
will receive special consideration. 

All communications will be treated confidentially 
and = ‘tod ve BS — of age, actual 
e employmen 

"Kadress, 40 Offices of ENGINEERING. 


oo Supe rintendent.—An 
neerin, employing 1400 hands (men 
woot n singin ES the immediate SERVICES 
ste fully. trained a ENGINEER to take charge of the 
ine, po byl He' must be a 
Six o’clock man, a disciplinarian and wer, 
possess initiative, Pant dh ability, and have sexpert 
knowledge of machine tools for re’ — work. 

An attractive salary will be and applications 
only considered from those who can show successful 
experience in a similar post. 

ddress, E 75, Offices of Exainxerixe, 


Retrigerating En ineers 
ro WANT! 7 reid, an w gto * 

ng age, if married, and give 

ence and expected, to X 677, J. B. 
ott 163, Queen Victoria Sore: t, + 


LONDON COUNTY ASYLUM, GANE Al a 
COULSDON, SURREY. 


wees Foreman Engineer 


eae, temporarily, for the od whey 








Sees Aer sh 








on re ee must be ineligible for 
Ppilcations (in writing), — should state fully 


qualifications, age, 
copies. of not more pad 
be forwarded at once to 


H. F. KEENE, 
Clerk of the Asylums and Mental 
Committee, L.C.0. 


2, Savoy Hil 7; 
ted Apri Ie 








Wanted, Jig wad —_ 
DRAUGHTSMEN, for work, in } 

Controlled Establishment, Londen district. Previous 
experience desirable, but not essential. Those 
already engaged on Government work need not 
apply. ~ Apply your nearest oon an 
mentioning this paper and No, 
ig and Tool, 


[Dr ghtsmen, Ji 
REQUIRED immediately Government work. 
practice. 


Must be conversant with modern workshop 

= wages and pr _ No — on Government 
ene Chiba or ly, your nearest 

BOARD oF DE Latour | XCHANGE, oe 

tioning this paver and No, A E 100 


anted, tor ‘Wkaskininohan: 

one or two good Crane bayer yeti conn vd 

used to steam or electric cranes, and F igen 
accustomed to steel works practice. 

already oragte Ag on Government work will be 

nearest LABOUR EXCHANGE, 








OE. men this Journal and © 820. 


Wanted, Toolmakers used to 


a ON TE Se 

tar cg ree 3 work, in Controlled Establishment, 
London district. Good and permanent position 

to suitable men. Those ge By conged on Uovere- 
ment work need not ly your nearest 


apply.—. 
ato EXCHANGE, sett this paper = 
No. B4, 


Wanted, by Lancashire Firm, 
plant tort ce shells. Good wages and 
able men. No ee pe lhe ee S on 


ment work will engaged. —. 
a EXCHANGE, aeerioeee ” unis Journal 








Govern- 





Brencoieg Pupil.— Vacancy 
with Firm (Government Contractors) manu- 
tng ge types of machinery, and gas 
engines &c.; moderate premium. — Address, 6621, 
ENGINEERING. 
Pe». — — The Borough and 
(A.MLLC.E.), of 
Leamingvou, has 2 VAG CY in his office for a 
PUPIL.—Address, TOWN HALL. C 342 
Large Firm of Engineers, 
in the Midlands, have an OPENING for a 
education as jum pupil, the 


premi 
e both works and drawing office.— 
of ENGINEERING. 














SITUATIONS WANTED. 


i M.I, Mech. E.,Open 
to UNDERTAKE designing, i ions and 
tests; wide knowledge mechanical, electrical and 
neumatic engineering ; also French, Russian and 
Epanish languages. —E 52. Offices of ENGINEERING. 


| Misceron and Electrical 








Sagieoes (31), ineligible for the army, pane | 


except 

ise POSITION , preferably Lancashire district. 
At liberty any time. Large remuneration not essential 
if with good prospecta.— F 43. Offices of ENGINEERING. 


ngineer, A.M.I. Mech. E., 


28 years’ works and office experience, rolling 
mills, testing machines, inspection buildings, auto- 
matic machines, electrical plant, boilers, 
Address, E97. Offices of ENGINEERING. ° 


ngineer, 25 years’ varied 
experience, including the installation and 


commercial experience, 8S) 











sasotloning the this. Journal and E 114, 


xperienced LKlectrical 

DRAUGHTSMAN WANTED. Those used to 
H.-T. detail work preferred. No person already 
Seois eh - ee Se | = be nee oo 

» giv particu salary requ! to 
po atl LABOUR EXCHANGE, mentioning this 
Journal ae E 83. 


Nor Manchester District.— 


JUNIOR DRAUGHTSMAN WANTED, for rein- 
forced concrete work. Must be capable of calcula- 
tions. Previous experience necessary. Also must be 
exempt from military service. State age, wage, 
experience, &c.— Address, E98, Giinak ot Muemeunaee. 


anted, Foreman, for 
eto work, in large Controlled Establish- 
~ - oe district. Permanent position for good 
according to ability and experience. 
Those aed 


ed on Government work need 

Apply 7 your nearest LABOUR EX- 

CHANGE” men ing this paper and No. B3. E9 
W anted, a Capable Koreman, 

to take charge of the running side of ti 

pon nag d, boiler plant. a ae men 7 need 

cu expe ce, and w 

ps eet, 2 No man already engaged te Ulovemanioes 

work need apply. ~ Dommnnmieave with your nearest 

BOARD OF TRADE LABOUR EXCHANGE, men- 

tioning this Journal and E 91, 


Wanted, Foreman ‘Turner, 


for centrifugal pump details. Must have good 
pre ter of enh yp rapid production 
methods. State teen ag ead’ wage required. 
No person on Government work will be engaged.— 
Apply, your nearest LABOUR EXOHANGE, quoting 


No. 
anted, Assistant Machine 


Shop FOREMAN, in Controlled Establishment 
Admiralty work only, about 120 machines, 
ng out small he Mh ery have 
ye con of men. 
tuation for suitable man. District, 

ek ie anon nhac myo dn pag 
° on Govern- 

pre work will be ra! 

EXCHANGE, mentioning this 











- 


2 Secrnal snd 





Rate Fixer, tor large general — 


of factory plant, SE POSITION as Works 
nsible position. London 
of ENGINEERING. 


Engineer, or other 
area. —Address, E 109, 


(Commercial Engineer( English- 
man), (40), over 10 years manager important 
engineering business on the Continent, handling 
large contracts, DESIRES CHANGE. Fluent French. 
Spanish, Portuguese, some knowledge Italian an 

Russian. Sound and successful business organiser. 
Tactful negotiator, with good address. ighest 
references. Open to accept really well-paid, respon- 
sible position with high-class engineering firm. Per- 
sonal interview can arranged London.— Address, 
C. EB. G., at Horncastir’s, 61, Cheapside, ¥.C. E 122 


Bxpetienced Draughtsman 
(32) DESIRES responsible POSITION, preferably 
on War work. Marine (Admiralty and passenger 

details and arrangements, pumping machinery, 
Corliss and drop-valve engines, turbo details and lay- 
outs, condensing plants. Shop-trained man. Good 
references,— Address, E 106, Offices of Fnemmerina. 


PARTNERSHIPS. 


Every Engineer 


desiring a 

















Partnership 


TLEY. PRICE 
WHEATLEY KIRK, PRICE & 
46, W: 

Albert 


Co., 
24 LONDON, BC., 


‘street, Wowenstin-on-Byne, 


“| Me echanical Engineer Wants 

PARTNERSHIP in a well-established concern 

in or near London. Wide experience and capital up 

» ae Business must sbow past profits can 
to investigation.— prly. WHEATLEY 

rink, 7 PRICE & CO., 46, Watling Street, 


4994 








artnership.— £4000.— 


WANTED, a neers PARTNER, en- 
neering and contracting lange and nora extab- 
he 


soe y tee ha 
Pehle mye wor ust aching tools State Incoming part 


Le age tn 


eNe Kit oo 


tor Se meee 
work, Controlled Establishment, London 
district, INSTRUMENT M AKERS, OLOOK MAKERS, 
DIE SINKERS, MAGNETO REPAIRERS, and 
men used to accurate work. Those alread 


experience, age 
Gorecumens ny will me retired, 
nearest LABOUR EXCHANGE, B wedeg 


anted, 





’ =, a ee 
this: 
tachusiee 


without b: 
18 


* apne E. Raworth, 


CHARTERED PATENT AGENT, 
70/71, Queen Anne’s Chambers, 4995 
Tothill Street, Westminster, 8. W. 


AUCTION SALHS. 


Wioheatle Kirk, Price & Co. 


lished 1850.) 


Auctioneers 
4ND VALUERS OF 4904 
ENGINEERING WORKS PLANT AND 8TOOK, 
4, WATLING STREET, LONDON, E.O. 
16, ALBERT 8Q., 26, COLLINGWOOD ea 
MANCHESTER. NEWOASTLE-ON-TYN: 
Telephones & Telegrams at each Address. 


SECOND DAY’S SALE. 
STATION YARD,  BATWARDS HEATH. 


IMPORTANT SALE 550 LOTS oF 
MACHINERY, IRONMONGERY, OONTENTS of 
BLACKSMITH’S SHOP and Miscellaneous Effecte, 
isng Two Boa Machines, Iron Shearin;- 
Machine, Two Gas Engines, One Oil ditto, Screy.. 
cutting Lathe, 5-ft. » with Overhead Motion, 
10-ft. gine Boiler, “Barsing Lathe (13-ft. bed), 
Shafting and Pulleys, Three Treadle Lathes, Horse- 
shoe Machine and Nail-hole Stamping 
ditto, about 30 Tons of Bar Steel and Iron, quantit. 
Steel Tubing, Bolt-making Machine, Sheet Iron, 
—_— J oe woe be Forges, Bellows, Iron Vices, 


isce! ith’s Tools, 15 
Kine 


$2-in. Wheels, with Axles; Pulley Wheels, 

Platform Weighing Lg mo by “* Day and 
Milward,” to weigh 1200 Ibs., Treadle Band Saw 
Levelling Plate, 4 ft. by 2 ft., Steel, Wrought and 

iron Serap, and a Large Assortment of other 
Effects, which 


essrs. T. Bannister & (o. 


will SELL by AUCTION, upon the Premises 
ve. 
" On FRIDAY, MAY 12th, 1916, 
By order of Mr. A. W. Knieut, who is quitting these 
Els 








pr 
Sale to commence at 10.30 a.m. 
On view two previous days and morning of sale. 
Cat es may be obtained of the AUCTIONEERS, 
Market Place, Haywards Heath. Heath. (Tel. No. 7). 


Knight & Partners, 


Engineers, Auctioneers and Vaiuers, 
have received instructions to 
DISPOSE 
of a Miscellaneous 
QUANTITY of MACHINE TOOLS, 
and beg to announee that the same will be 
SOLD by AUCTION, 
at their Sale Rooms, at an 
Earty Dare. 

Further Entries of Machinery, &c., will 


be accepted, if notice is given, not later 
than MAY 6th. 


Full particulars of the AUCTIONEERS 
at their Offices— 
31, Old Queen Street, 
Westminster, S.W. 








WANTED, &c. 
TO MUNITION FIRMS. 


firm of Contractors have 


available for immediate use, owing to the aban- 
donment P. a large road-making contract in the 
South of England, several miles of RAILWAY (24 in. 
gauge), WA INS and LOOOMOTIVE, all Tools and 
Spplisnces to undertake laying out of sites, drainage, 
main laying, railway or waterworks ofany magnitude. 
M ng staff, in addition to foremen and leading 
men ine efor yy oe bee service, also available. 


South or M 
AM LIMITED, 
ica 


G. PERCY TRENT 
ctoria Square, Birmingham. 
x purees, Birmingham.” E 38 





Tele. Address : 





racings 


Accurately 


and Photo-copies 
and Promptly EXEOUTED by 
A. WEST & PARTNERS, 
(Official i chalenaiee to the Adiniralty » 
91, York Street, Westminster. 





[!y. —Engineer, well intro- 
duced, returning to Italy mses WOULD LIKE 
to NEGOTIATE for representation. Residence at 
Milan centre of industry. oativent Ad experience 

British firms al! over the Continent.—Address. E 10s 
Daices of ENGINEERING. 





outh America. — Firm of 

ly sound AGENTS REQUIRED, for the 

Argestion Bravil, &c,, to take over the represent ta- 
tion of a new system of gas on ew with and 
y~ -product recovery. Z. W. 898, care 

of Deacon's, Leadenhall Street, B.C. E108 











The C Consulting Patent 








AAICY, 50, Goaety Sen eed Landes. Regd. | such. — 


Pesigver of New Breech 


Block for big guns, 12 in. w WISHES to 
HEAR from British or American S interested in 

Write, BOX A “ care of Dawson's, i> Bie 
Cannon Street, London, E. EM 


Exgiveering Firm Firm (London 


pra ries. on of oat 


spare plant C available, wal same 
Specialivies — Address, eae ios 
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THE “RUNNING OF BOILER PLANTS 
AND NATIONAL ECONOMY. 


By D. Brown, B.Sc. Hons. (Lond.), F.C.S., 
and H. GREEN. 
(Concluded from page 342.) 
DetarLep ANALYSIS OF THE RESULTS OF THE 
. Hunpeep Tests. 

1. Analysis of Fuel Used.—In only three cases 
was the coal analysed in an accurate manner and 
purchased scientifically, guided by the determina- 
tion of the heating value. In certainly over ninet; 
cases the coal was purchased in a general rule-of- 
thumb manner, without ———— knowledge of 
its real value. It is perhaps hardly necessary to point 
out that a firm who buys coal buys heat ; that, other 
things being equal, the coal that contains the most 
heat is the best value for the money, and that it 
is impossible to get the best results by buying and 
using coal completely in the dark as to its heating 
value.’ In our opinion there is certainly not 5 per 
cent. of steam-users who buy their coal on scientific 
lines. 

It would hardly be anaes to give a better 
example of the general lack of scientific methods 
in vogue than that of the buying and selling of 
coal. As shown later, we estimate the value of the 
coal consumed for steam-raising purposes in Great 
Britain as approximately 17,000,000/. per annum. 
Of this total probably at least 16,000,0007. worth is 
purchased by methods which would be ridiculed in 
nearly every other form of buying and selling. Our 
own experience is that the average firm can save 7 
to 10 per cent. of the coal bill alone by buying on 
scientific lines—that is, by buying the coal which 
is the best value under the conditions of the given 
steam-generating plant. 

2. Quality of Coal.—The average for the hundred 
plants shows 12,680 B.Th.U. and 9.3 per cent. ash. 
Among the best coals in use we found washed 
acorns giving an average heating value of 14,200 
B.Th.U. and 2.5 per cent. ash, and many rough or 
burgy coals showed over 13,500 B.Th.U. A good 
washed slack or peas averages about 13,000 B.Th.U. 
to 13,750 B.Th.v., with, say, 4 to 7 per cent. ash. 
Among the worst samples are small slacks of about 
11,500 B.Th.U. and 18 to 20 per cent. ash, whilst 
refuse coal, such as washer settlings, may be as low 
as 7000 B.Th.U. 

3. Method of Firing.—In sixty-one cases hand- 


firing was in use as against thirty-nine cases with P 


mechanical firing, representing seven different 
makes of mechanical stokers, of which a total of 
twenty-seven were of the sprinkling type and 
twelve of the coking type. The following were the 
comparative results :— 

Comparison of Hand and Mechanical Firing. 
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There is a very violent conflict of opinion among 


: » | Should say that not 5 per cent. of the boiler plants 


, bor be described as ‘‘ usual 


steam-users as to the advantages or otherwise of 
mechanical stoking as compared with hand-firing. 

As seen from the figures, we find that 61 cases of 
hand-firing are giving better results than 39 cases 
of a ry 

t wi noted that the figures happen to give a 
particularly fair comparison, as the qualities of the 
coal, the temperature of the feed-water, the rise in 
temperature due to the economisers, and the 
amount of superheat are almost identical. There 
is a difference of 9.57 per cent. in efficiency 
against mechanical stoking, which is a very big 
item, particularly when it is remembered that this 
does not include the cost of upkeep. Except under 
proper supervision this latter is apt to be very high, 
often as much as 251., or even 30l., per boiler per 
annum. As against this, on a fairly large plant, 
the cost of labour is less with mechanical firing. 
We are so used to reading the remarkable results 
of boiler trials in the catalogues of some mechanical- 
stoker firms, that an average efficiency of 56 per 
cent. under actual working conditions comes some- 
what as a shock. 

Taking boiler plants generally, there is, how- 
ever, probably little real difference as regards eflici- 
ency, or rather lack of efficiency, between hand 
and mechanical firing. Obviously a great many | 
factors enter into the case, such as quality of fuel 
to be burnt, amount of steam required, and whether 
the demand is fluctuating or not, the quality of the 
supervision in both cases, and so on. Most mecha- | 
nical stokers work well under certain conditions, | 
and as both hand-fired and mechanically-fired | 
plants receive very little scientific attention and 
supervision, the whole question has resolved itself 
into opinions backed up by very little real in- 
formation. 

One can only say that with both hand and 
mechanical firing 80 to 85 per cent. efficiency can 
be maintained, and a very careful examination of 
the general working conditions of the plant must 
be made before deciding for hand or mechanical 
firing, and if the latter, which type of stoker. We 
may say, further, that in the case of the 61 plants 
with hand-firing, 51 plants were fitted with the 
ordinary Lancashire foohun, and 10 were some 
form of patent bar, mostly a hollow bar fitted with 
steam-jets. Generally these give no better results 
than the ordinary Lancashire fire-bar. 

4. Measurement of Feed-Water.—Out of the 100 
lants, in seven cases only was there any apparatus 
installed on the plant for determining regularly the 
water evaporated—that is, the amount of the steam 
produced. Further, out of the seven cases, several 
of the water-meters in use were certainly not accu- 
rate. A boiler plant is, of course, a little factory 
in itself, in which the finished product is steam, 
and unless there is some form of water-measuring 
apparatus at work to regularly check the perform- 
ance of the plant, there is bound to be some loss, 
How much is merely a matter of accident. We 


of the country are fitted with water-measuring 
apparatus in regular use. Further, we may say 
that a very large proportion of the apparatus 
actually in use is not giving accurate results, partly 
due to lack of attention and partly due to inherent 
defects in the apparatus. 

5. Amount of Water Evaporated.—The average | 
figures for the 100 tests show approximately an 
evaporation of 565 gallons per boiler per hour, with | 
Lancashire boilers of an average size of 30 ft. by | 
8 ft. These figures refer to the average evapora- | 
tion per working day, and not, of course, to the | 
evaporation of any particular hour. 

though the evaporation of a boiler largely | 
depends on the quality of the coal used, speaking | 
| generally, it would be possible for the boiler plants 
_of the country to evaporate much more water per | 
| boiler per hour. There are hundreds of plants at 
| work which are always more or less short of steam, 
|and in which, by a very moderate amount of re- 
| organisation, the output of steam could be con- 
| siderably increased, making a great difference in 
| the efficiency of oe running of the factory. 
| Thus, in the ical example of a well-managed 
| plant, the figure is approximately 830 gallons per 
boiler per hour, which is an increase in evaporation 
| of over 45 cent. over the oo 
6. Feed-Water Examination.—With regard to 
| scale troubles, out of the 100 plants 34 either had 
|mo trouble at all or only very slight, 45 were what 
” or medium,” 
whilst five cases could only be described as 
**chronic.” With regard to the methods in use for 











'the boilers. The 


coping with these difficulties, in 69 cases there was 
no treatment at all (34 cases where no treatment 
was required and 35 cases where the scale was 
simply allowed to form, and was then chipped off 
again). In 14 cases a water-softening plant was in 
use, and in 17 cases some form of boiler composition 
was being added to the boiler feed-water. 

In the case of water-softening plants, out of the 
14 cases in only 6 cases was the softening plant 
being worked properly and controlled by regular 
daily analysis. In one or two cases the water was 
no better, or even worse as regards the ce of 
scale-forming elements, after passing through the 
water-softening plants, due, of course, to wrong 
prapeetieas of chemicals being used. 

e should say that, if anything, these figures are 
better than the average for the whole coun In 
certainly well over 50 per cent. of cases where a 
water-softening plant is installed the proper atten- 
tion and daily analysis are carried out for a few 
weeks, and then very soon the plant is left to work 
by itself, a change of chemicals being added every 
day ney bm a matter of habit, without the least 
attention being paid to the results, and the varia- 
tion in the quality of the water. 

With regard to boiler compositions, in addition to 
the 17 cases mentioned, we have analysed many 
other samples of boiler compositions. In most 
cases we have found these compositions to consist 
simply of caustic or soda ash, or mixtures of these, 
together with some vegetable product, very often a 
crude form of tannic acid. Some of these composi- 
tions can only be described as extraordinary. us 
one of them hed 95 per cent. water, 0.5 per cent. 
soda ash, and 4.5 per cent. tan-yard refuse. If, 
however, they vary in composition, they seem to 
show a great similarity from the point of view of 
exorbitance in price and failure to prevent scale. 
Most of their ‘* good” effects are due to the caustic 
soda, and if itis desired to put caustic soda into the 
boilers (which is not to be recommended), this can 
be purchased at about one-tenth of the price. 

As regards corrosion, we found only two or three 
cases in the hundred—one due to ‘‘ peaty” acid in 
moorland water, and the others to mineral acid in 
the river from the effluent of some other works. 

7. Economisers.—Out of the 100 plants tested, 
87 plants were fitted with economisers, the 
other 13 plants having no means whatever of 
utilising the waste heat from the boiler-flues. In 
several of these latter cases the economisers had 
been worn out and never replaced. In the figures 
for the average of 100 teste, the saving due to 
the economisers is 10.1 per cent., which includes, 
of course, 13 plants not fitted with economisers. 
Taking the plants fitted with economisers, 
the average saving is 11.6 per cent. of the coal 
bill. We should say that this is a fair average for 
the whole country. The highest figure we found 
was 19 per cent. on a cotton-mill plant. 

The makers of economisers eae. state that 15 
to 25 per cent. of the coal can be saved by installing 
economisers, meaning, we presume, after the boiler 
has received its proper proportion of heat and the 
efficiency of the boiler only is as high as it should 
be. It is -naturally quite easy to increase the 
** saving ” due to the economisers; for example, by 
running an induced-draught fan at high 
reducing the efficiency of the boilers. e have 
generally found that results showing over 17} per 
cent. saving due to the economisers are ca in 
this way, and the figure is therefore not a real 
saving in the scientific sense of the word. Whether 
it is possible to get 25 per cent. real saving is a 
matter of opinion. 

In almost every case economisers are installed 
in the most rule-of-thumb manner, the ral 
practice being to allow either 72 or 96 tubes for 
each boiler, quite regardless of the evaporation of 
economiser - makers generally 
recommend sufficient tubes to hold about an hour’s 
supply of feed water, reckoning the capacity of 
each 9-ft. tube as 6} lb. When it is remembered 
that a 30-ft. by 8-ft. Lancashire boiler may be 
a on an average anything from to 
1 ons hour, and economisers are almost 
always installed without knowing anything of the 
evaporation of the plant, it will be obvious that the 
economiser does not get a fair chance to show its 
maximum efficiency. Also in a large number of 
cases they ‘receive practically no attention, are 
allowed to ‘*gcale up ” inside, and in some cases 
even the scra are not working. 

8. Method of Draught.—Out of the 100 plants, 
53 were wor. with chimney draught only, 
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32 with some form of steam-jet apparatus to 
assist the chimney draught, 13 with mechanical 
induced-draught fan, and two with mechanical 
forced ine fan. The draught obtained in 
53 cases by means of chimney only we found 
to ave 0.79 in. suction-water gauge in the 
chimney giving 0.38 in. suction-water gauge 
in the side flues of the boiler. The highest water- 
gauge we found to be 1.6 in. in the chimney base. 
As regards temperature in the chimney base, the 
average for the 53 cases was 476 deg. Fahr., 
— from the lowest at 293 deg. Fahr. to the 
highest at 785 deg. Fahr. 

Comparing the 53 cases of chimney draught 
with the 13° cases of mechanical induced draught, 
we found that in the latter case the average suc- 
tion in the fan inlet was 1.51 in., the highest being 
3.1 in. and the lowest 0.4 in., water gauge, giving 
0.62 in the side flues. Temperature in fan inlet, 
420.5 dog. ; highest, 665 deg. ; lowest, 306 deg. Fahr. 
As a matter of interest, we give below the full 


figures for the performance of the 53 chimney- | 


draught plants, compared with the 13 induced- 

draught plants :— 

Comparison of Natural Chimney Draught and Induced 
Draught. 
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There is also a very strong difference of opinion 
as to relative merits of natural and mechanical 
draught. As seen, we found that 53 cases of 
chimney draught were giving better results than 
13 cases of induced draught. We should say that 
these figures are approximately correct for the 
whole of the plants of the country. 

Our own opinion is that some form of artificial 
nage oe is | to the — efficiency, and 

y comparison with a perly-managed plant 
chimney draught is beand te give inferior com. 
Artificial draught is, however, more complicated, 
and if it is applied on wrong lines, or does not 
receive proper attention, it is easily possible to 
waste much more money than with chimney draught, 
and many of the most uneconomical plants in the 
—- are working with artificial draught. 

8. imation of OO,.—Out of the 100 planta, 
92 were not we with CO, recorders, four 
were equip with recorders in fairly run- 
ning order, and four had been equip but the 
machines were out of order and nently dis- 
continued. What proportion of boiler plants in 
the whole country are “a with CO, re- 
corders we do not —_ to know, but it is 
certainly not very - One striking fact is the 
very large number of boiler plants met with that 
have been fitted with CO, recorders, and been 
foreed to discontinue using them because of their 


complicated character. We should say that the 
CO, recorder has caused more trouble than any other 
instrument or appliance used in the boiler-house. 
In order to get economical results it is, of course, 
ni to have some form of CO, recorder on 
a boiler plant, but it must be used with discre- 
tion. To get the best results it is essential to have 
a high percentage of CO,, say between 12 and 16 
cent., but it does not at all follow that a high 


ure ni ily means high efficiency, makers 
statements ae 
The figures we obtained for CO, by installing our 
own CO, recorders were as follow :— 
1 Oo -~ 2 
. Very good... See 
ian” .. 10 to 12 13 
3. Medium ... rs. 30 
4. Poor aid rae 45 
5. Very bad ... Under 5 10 


Total ise : 100 
| That is, 55 per cent. of cases were below 8 per cent. 
| The best record we found was 14 per cent. average, 
and the worst 3.5 per cent. average. 

9. Black Smoke.—Out of the 100 plants the fol- 
lowing were the particulars as regards black smoke : 


1, Good, practically no smoke at all 29 
2. Fairly good... pe sea er 23 
3. Medium ’ sg 4 
5. Chronic ; almostcontinuous black smoke 3 

Total 100 


Out of the 100 plants, 15 were fitted with some 
form of patent smoke-preventer. Most of these 
smoke-preventers consist of some arrangement for 
allowing air to pass up the back of the bars so as to 
add excess air to the smoke on the Bunsen-burner 
principle. In practice they only give the most mode- 
rate results, and the way to stop black smoke econo- 
mically is obviously to consume it in the furnaces. 

It is really quite a simple matter to prevent black 
smoke and to get in economy at the same 
time. It should be noted that, although a highly 
efficient plant will in all cases be practically smoke- 
less, it does not follow that a plant having bad black 
smoke is necessarily very inefficient. For example, 
a plant may be working very well in every respect, 
giving, say, 13 or 14 per cent. CO,._ A trifle less 
air going through the fires will result in smoke, and 
per 16 per cent. CO, ; but when in this condi- 
tion the plant would be very much more efficient 
than many other plants that are smokeless, due to 
a large excess of air passing through the fires. 

10. Boiler Pressure.—Out of the 100 plants, all 
varieties of —_ .working pressure were expe- 
rienced from 12 lb. (blow-off 30 lb.) to 190 fb. 
(blow-off 200 Ib.). 

The plants were divided as follow :— 


1. Under 60 lb. average working pressure 17 
2. Between 60 Ib. and 80 lb. working 
3. Between 80 lb. and 100 lb. working 
4. Between 100 lb. and 120 lb. working 
pressure ... ei ae si ne 16 
5. Between 120 lb. and 160 lb. working 
pressure ... aes ow si ie 16 
6. Over 160 lb. working pressure ... 3 
Total 100 


As niost engineers are aware, the engines of the 
country are, on the whole, working at much too 
low a pressure from the point of view of econo- 
mical utilisation of steam, and our results show 
= og? cent. of boiler plants working at less than 


% ee. 

1l. Fluctuations in the Demand for Steam.— 
There is in many instances considerable fluctua- 
tion in the demand for steam, and in each case this 
was ascertained by reading the water-meter every 
half-hour, and ing a correction for differences 
in the gauge-glass levels. Some industries, such as 
cotton or flour-mills, have a very steady demand 
for steam from hour to hour, whilst others, such 
as ——- dye-works, calico-printers, bleachers, 
and brewers, have very violent fluctuations. The 
worst example we tested was 40 cent. differ- 
ence in-hourly evaporation ; that is, in one hour 
the evaporation would be 600 gallons per boiler 
per hour, and the next hour 1000 gallons. In most 
cases such plants are running without sufficient 
margin of steam pressure for economical working. 

12, Superheaters.—Out of the 100 plants, 21 
plants were fitted with superheaters, which in- 
cludes eight plants os fitted. Of the 
13 plants completely fitted, the average tempera- 








ture of steam was 346 deg. Fahr. before super- 
heating, and 475 deg. Fahr. after, being 129 deg. of 
superheat. The highest temperature of superheated 
steam tested was deg. Fahr. Weare, of course, 
not able to say what is the number of plants in the 
country fitted with superheaters. 

13. Annual Ooal Bill.—In this respect the 
100 plants were divided as follows :— 


1. Under 10000. annum ll 
2. Between 1! and 2000/. . 29 
3. Between 20002. and 40007. . 34 
4. Between 40007. and 70007. . 16 
5. Between 70007. and 10,000/. 6 
6. Between 10,0002. and 20,000/, 2 
7. Over 20,0001. ... 2 

100 


These figures represent approximately the three 
years 1913, 1914, and 1915, and on the present 
(1915-1916) increased prices the figures would be 
higher. The total coal bill for the 100 plants is 
375,000/. per annum (1913-1915). The average price 
of coal was, as seen, 12s. 2d. per ton delivered, and 
varying from the lowest price of 7s. 3d. per ton 
delivered to 31s. per ton delivered. 

14. Steam or Power Used as an Auxiliary to the 
Production of Power.—As already seen, out of the 
100 plants 47 were using steam or power as an 
auxiliary to the production of. steam, 32 being 
steam jets under or over the bars, 13 as induced 
draught, and two as forced draught. Out of the 
whole 47 cases the average amount of steam was 
5 per cent. of the production in the boilers. With 
regard to induced or forced-draught fans, the average 
is approximately 24 to 3 per cent. of the production. 

ith steam jets the amount varies very con- 
siderably, being anything from 3 to 12 per cent. of 
the production. ere the jets are used as the 
sole means of obtaining a draught, as in some types 
of patent fire-bar and mechanical stokers, the 
amount is rarely under 5 per cent. and may be as 
high as 12 per cent. In the types of stokers using 
steam jets to cool the bars the amount is generally 
between 2 and 3 per cent. Very little attention 
has hitherto been given to this question of auxi- 
liary power. We have had many cases where some 
form of mechanical stoker or fire-bar has been 
installed, and on investigation the amount of steam 
used under the bars has been equivalent to the cost 
of a complete new outfit every 12 months. 

15. Efficiency of Plant.—As seen, the average 
net working efficiency of the plants is 62.03 per 
cent. ; that is to say, out of every 100 lb. of coal 
put into the fires, 62.03 lb. are being used to pro- 
duce useful steam, the other 37.97 lb. being wasted. 
This efficiency is split up into 55.65 per cent. for 
the boilers only, 1.08 per cent. for the super- 
heaters, and 6.42 per cent. for the economisers, 
which, after allowing for 1.5 per cent. used as 
auxiliary steam, gives the net working efficiency of 
62.03 per cent. 

Taking the whole 100 plants, the efficiencies were 
divided as follows :— 


1. Over 80 per cent. ... 2 
2.750080 ,, e 7 
3 ae » 
Tt ™ ee 17 
5. 60,,65 ,, 14 
6.55 ,,60 , 29 
7. 50 ” 55 %” 14 
Less than 50 per cent 9 
Total 100 


It will be noted that 52 per cent. of the plants 
are working with an efficiency of less than 60 per 
cent., and that only 17 per cent. of the plants 
exceed 70 per cent. efficiency. 

16. Cost in Coal to Evaporate 1000 Gallons.— 
This of course, depends to a large extent on 
the cost of coal in the locality, and is therefore not 
of much interest in comparing boiler plants in 
different localities. The difference between the 
cost of coal in, for example, Staffordshire as 
against the cost of the same quality of coal in 
Lendon is enormous. We have, however, given 
the figures as a matter of interest. It will be 
noted in the figures given for different industries 
that it is costing sixteen paper-mills 87.8d. to 
eva: te 1000 gallons of water with an efficiency 
of 76.65 per cent., and it is only costing nineteen 
dyeing, &., works 79.3d. with an efficiency of 
59.48 per cent. 


Summary or Resvutts. 


A boiler plant worked on modern lines will give 
a net working efficiency of 80 to 85 per cent., de- 





pending on conditions, As seen, the average of 
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Summary or Resvrts or TrRiats or 100 Borer Pants. 


Average of 19 





| 
Average of 100 Typical Plant | Average of Average of Average of 
Bed PlantsCom- Run on Scien- | 14 Cotton | 16 Woollen’ 16 Paper a. Sa 
plete. tific Lines. Mills, Mills. Mille. ting Works. 
Duration of trial sie .. hours 10.66 6.75 | 11.48 10.68 11.35 9.59 
Amount of coal used .. - Ib. 994 } 28,200 | 28,904 21,802 34,166 20,539 
Price of coal perton .. .| 12s. - y fire- | 15s. in fire-hole | lis. lls. 10s. lds, 2d. 108. 6d. in fire- 
| ole hole 
Analysis of coal used :— } | 
B.Th.U. mn - - ad nal 12,680 11,980 13,451 | 12,886 12,347 18,104 
Ash .. ve a -. percent. 9.38 12.5 6.8 9.9 10.6 8 
Coal burnt per boiler per hour Ib. 791.8 1044.4 _- — — _ 
Water evaporated se oe os a 192,630 224,050 222,475 155,410 295,075 145,560 
deg. F.| (117) | (95) (103) | (112) (187) (94) 
Water evaporated per pound of coal Ib.| 7.13 exact 7.94 exact 7.69 exact | 7.18 exact | 8.63 exact 7.08 exact 
Equivalent evaporation from and at 212 
deg. Fabr. per pound of coal oo a 8.11 9.21 8.91 814 9.66 8.19 
Temperature of feed-water before econo- 
misers .. ie ~ én deg. F. 117 95 | 103 112 137 94 
Qemperature of feed - water after econo-| 
misers .. - ~s as deg. F. 226 305 254 218 268 244 
Coal bill saved by economisers _per cent.| 10.1 18.5 13.3 9.7 12.8 13.6 
eee as eer Ss a | 7.5 12.0 7.26 | 7.25 8.25 7.12 
Steam pressure :— | 
Ga - . ee Ib. 93.5 159 123.9 89.0 112.0 75.0 
Absolute re - os oo. el 108.0 | 174 139.0 104.0 127.0 90.0 
Temperature of saturation of steam, deg.F. 333.2 370 352.3 330.5 345.3 320.1 
Temperature of superheated steam ,, | 369.6 540 409.3 338.0 395.0 324.1 
Steam used as auxiliary per cent. 1.5 per cent. of | 3.5 1.2 2.9 1.4 1.9 
jsteam raised (5) 
| per cent. in 30 
|cases out of 100) 
Thermal Efficiency :— | 
A. Net working efficiency after deduct- 
ing steam uw as auxiliary 
per cent. 62.03 ll 58.53 76.65 59.48 
R. Boilers only 9 55.65 55.28 55.10 66.47 52.27 
C. Economisers only oe 6.24 8.79 5.97 9.29 8.25 
D. Superheaters only * 1.08 1.89 0.24 1.98 0.11 
Cost in coal to evaporate 1000 gallons of|91.3d. (1 gallon 76.5d. 88.9d. 87.84. 79.84. 
water =101b.); 88.14. 
(actual reading 
on water-mieter 
at 117 deg. F.) 





sixteen paper mills shows 77.74 per cent., and these 
could be improved. If the ly-managed plants 
in this industry are deducted, the figure will be 
about 80 percent. efficiency. The typical example 
we give of a well-ma plant shows 78.68 per 
cent., and this could be increased, although it is 
working with inferior coal. It is nat y much 
easier to get a high efficiency with good-quality 
coal and low evaporation, as compared with low- 
grade coal and a high evaporation. We can say, 
on the average, however, that every boiler plant 
could be run on 80 per cent. efficiency, and we will 
take this figure as the basis for comparison. 

The total coal bill on the 100 plants tested was 
375,0001. per annum, or an average of 37501. per 
plant per annum. Since the average efficiency is 
62.03 cent., and it is ible to get 80 per 
cent., 1t is obvious that the saving that can be 
obtained by running these plants on scientific 
lines is approximately 18 per cent., or, say, 67,5001. 
perannum. We are of the opinion that this figure 
is really better than the true average, and we think 
that the average efficiency of the boiler plants of 
this country is not higher than about 60 per cent., 
corresponding to 20 per cent. saving to be obtained. 
There are, of course, scores of plants at work where 
50 per cent. could be saved. hat this represents 
exactly as a national loss it is very difficult to say. 

The amount of coal raised in the United King- 
dom for the year 1914 was 265,664,394 tons, and 
in 1913 the figure was 287,411,869 tons. In 1907 
the production of coal in Great Britain was 
267,831,000 tons, valued at 120,530,0001. Of this, 
182,643,000 tons was consumed in Great Britain, 
representing a value of ‘82,193,300/. It is im 
sible to obtain any official statistics of the amount 
of coal used per annum under steam-boiler plants, 
or of the number of steam-boiler plants at work in 
Great Britain. 

The total capacity of engines used in mines and 
factories in 1907, including power plants for electric 

hting and power, was 10,587,817 horse-power. 

is would seem to give about 10,000,000). per 


annum as the total value of coal used in Great 1 


Britain for steam-raising 
only, a from other 

as heating, boiling water, &c. We think it will not 
be far wrong to take the value of the coal consumed 
in Great Britain as about 85,000,0007. per annum, 


uu for engines 


in the factory, such 


of which approximately 17,000,000/. worth is used deals 


for steam-raising purposes. Taking the fi f 

* ng the figures for 
the 100 tests, 18 per cent. saving on 17,000,0001. 
se just over 3,000,000/., which represents the annual 
oss per annum to this country due to lack of 
scientific methods in the boiler-house; 20 per cent., 
which is probablya more correct figure, is 3,400,0001. 


per annum, 





We wish to emphasise that this enormous loss is 
caused entirely by out-of-date methods of running 
boiler plants ; that is to say, by loss of efficiency. 
In addition to the savings Vhich could be made by 


plants could also have their cost of steam produc- 
tion considerably reduced by buying coal to better 
advantage, and, as we have previously stated, the 
average saving from this source is probably 7 to 10 
per cent. 

Iu conclusion, we have given the results of four 
different industries—namely, cotton-mills, woollen- 
mills, paper- mills, and dyeing, bleaching, and 
calico-printing works—-com with the average 
for the 100 tests and the typical well-managed plant. 
From these figures we see that the 16 paper-mills 
are giving remarkably good resulte—average 76.65 
per cent. efficiency, or about 144 per cent. higher 
than the —- The 14 cotton-mills are slightly 
better than the average, with 65.11 


= cent. 
efficiency, whilst the woollen-mills and the dyeing 
industries are below the average. There is, of 


course, not the slightest reason why, for example, 
the dyeing industry should not produce ite steam 
as economically as the spe enone industry, and, 
on the figures given, by so doing reduce its coal bill 
about 17 per cent. 





“La Gueraz Mopgrng.”—A book havi for ite 
title ‘‘ La Guerre Moderne et ses Nouveaux Procédés,” 
by Daniel Bellet and Will Darvillé, is now published by 

tte and OCo., Paris and on. As its 


title implies, it gives a description of the snt war and 
of the means now available and to in warfare. 
It is illustrated by 153 engravings. The book forms part 
of the Hachette series of popular works, and gives 
graphic accounts of the cost of war, of the questions of 
supplies, arms, ammunition, &c. ; ial chapters deal 
briefly with the naval and aeronautical sides of modern 
wars, and with the services rendered by railways and 
motor-cars. In regard to cost it is quite obvious, say the 
authors, that the figure for the present war will be found 
He be much above that for former ones; the expenditure for 
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etzocitien will Be made pubite in geod tan bas 
Beta Dittiod tens dee Rooles included in 
Hachette ‘‘ Biblioth®que des Ecoles et des Familles.” 
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correcting this error, very many individual boiler |? 





CROSS - COMPOUND WINDING - ENGINES 
FOR THE CHISLET COLLIERY, NEAR 
CANTERBURY. 


(Concluded from page 324.) 
We publish this week the remainder of our illus- 
trations of the cross - compound winding - engines 


erected at the Chislet Colliery by Messrs. Fraser and 
Chalmers, Limited, Erith. The throttle-valves are 
shown in detail by Figs. 21 to 38, Plate XXXIV. 
As has been previously explained (see ENGINEERING, 
page 324 ante), one of these valves is mounted on 
each cylinder, the controlling gear being intercon- 
nected, so that both valves are operated together. 

Both throttle-valves are of the same generai design, 
though pony | that for the low-pressure cylinder is 
larger than its fellow. The two are connected to the 
same controlling lever, and are opened and closed 
simultaneously by hand, and without the aid of a steam 
relay. If ordinary double-beat throttle-valves be 
fitted to a winding-engine, trouble may eneuve under 
certain conditions of winding. Thus if the driver both 
shute off steam and reverses his engine in order to pull 
it up more quickly, the cylinders are converted into 
compressors. The relief-valves cannot always be relied 
on, and very high pressures may accordingly ve attained 
within the cylinders unless the throttle-valve is of o 
kind that can lift under pressurefrom below. The valve, 
shown in Figs. 25, 26, 30 and 31, meets these con- 
ditions. It is of the ‘‘ register’ type, consisting of o 
flat plate with lights out in it, which match with similar 
passages in the valve-seat when the valve isopen. A 
small rotation of the valve gives, accordingly, a very 
large steam-way. In normal work this valve is not 
balanced, but is heavily pressed on to its seat below, 
and the two surfaces being ._~ together, per- 
fect steam-tightness is secured. The valve is, how- 
ever, not rigidly held on to its seat, but oan lift 
against the spring A, Fig. 25, should the pressure 
below exceed that in the steam-pipe. To enable 
the valve to be readily operated, a piston is pro- 
vided in a chamber below it, as indicated at d, 
Figs. 25 and 27. A | ge me fitting on to the 
facing B, Figs. 26 and 27, admits steam below this 
piston before every motion of the valve. This piston 
just raises the valve clear of its seat, so that it can be 
readily rotated. The end of this piston-rod abuts on 
the rounded end of the throttle-valve spindle, giving 
thus, when the valve is lifted, an almost frictiunlees 
support. The distance between the two spindles is 
adjusted by means of shims, as indicated in ig. 37. 

tails of the pilot-valve are shown in Figs. 32 
to 36. The valve, it will be seen, is of the Corliss 
type, and by a slight rotation in one direction or the 
other puts the space under the piston d alternately in 
communication with high-pressure steam or with the 
cylinder steam-chest. The pilut-valve is operated by 
the same handle that works the main throttle-valve. 
The link-work interconnecting the two is clearly shown 
in Figs. 21 and 22. It will be seen that the main valve 
is actuated by a pair of Stanhope levers, ¢ and /, 
Fig. 22. Hence, as the long arm of ¢ swings over, 
through the arc indicated, there ie at first practically 
no tendency whatever to move the main-valve spindle. 
The pilot-valve _— is, however, linked up with 
e as indicated, and rotates at about the same speed as 
edoes. Hence the first motion of the lever ¢ merel 
opens this pilot-valve, and it is only after this is 
open and the main valve lifted that this latter valve 
begins to rotate. The spindle for this pilot-valve is 
shown separately in Figs. 23 and 24. 

The gear for actuating the admission and exhaust- 
valves is of the usual Uorliss type, as is indicated in 
Figs. 40 and 41, 398, but the linkwork for the 
admission-valves is less heavy than would have been 

had these beeti of the Corliss pattern. The 
trip-gear is under the control of the governor, the 
range of cut-off in the high and low-pressure cylinders 
being variable within zero and 40 per cent. of the 
stroke. At starting, the valves are not tripped at all, 
the engine taking steam the full stroke. As will be 
seen from the section of the high-pressure valve repro- 
duced in Fig. 44, the lift is given by a cam motion, 
shaped so as to ensure the easy lift and quiet return 
of the valve to its seat when tripped, to which 
end a dashpot is also provided, as shown in Figs. 40 
and 41, toa scale in Figs. 42 and 43. The 
low-pressure valves illustrated in Figs. 45 and 46, 

399, are of the same eral design, but have four 

ts instead of two. When on its seat, the valve is 
just clear of the cam D, by which it is raised. 
The point of closing is controlled by the governor 
which determines the position of the cam v, Fig. 45. 
When the hook-lever is rotated upwards and round 
this cam the trip-finger comes in contact with the 
latter and detaches the hook w from the lever x, 
which is keyed to the same shaft as the cam D, Fig. 46. 
The dashpot valve is of the double-beat type, held 
down to its seat by oo the box k, Fig. 44, at 
the top of the valve spi ¢ main valve-seat is held 

inst the shoulder below it by the thin steel cage g, 
which abute against the cover, as shown. It will be 
seen that the porte in this cage are cut at an angle, thus 
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ensuring a certain amount of elasticity, which prevents 
any possibilty of trouble from expansion strains, 
which might otherwise occasion distortion, and con- 
sequent leakage of steam. 


revention of over-winding, and provision is also made | has cast-iron ends, the 
y which the governor automatically sets the brakes | of ¥-in. riveted steel 


—— portion being built 
tes. The drum vate on it 


and cute off steam in the case of the speed exceeding | shaft at the ends only, as it has been found from 


the normal by 5 per cent. 


experience that trouble is likely to arise if a cen- 
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Fig .43. 
‘ HIGH-PRESSURE BONNET GEAR 
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1 
The i aong ag n is of the cylindro-conical type, so 
as to reduce the leverage of the load for the first few 


revolutions. Shaft indicators are, of course, pro- 


vided, together with arrangements for the automatic 





OE oe 
i 54" : 2°54 
=a) 
1. 
RP eae 
Details of th winding-drum are illustrated in 


Figs. 47 to 49, Plate XX XV. As stated, it has a semi- 
conical form, so as to decrease the effective torque due 
to the load when starting a wind. The advan of 
this are well illustrated by the ge of twistin 
moments, Fig. 59. The upper thick full line shows 
the moment in pounds-feet of the weight being raised, 
and the thin full line that of the descending weight. 
The resultant of the two is given by the lower full 
line. The dotted lines show what the torque would 
have been had the drum been cylindrical throughout. 
If such a drum had been used in the present case, the 
cylinders would have had to have been considerabl 
increased in diameter, if the wind was to be finish 
in the specified time, and would thus have been too 
large for economy during the balance of the run. 
At its ends the drum is 12 ft. in diameter, whilst the dia- 
meter of the lel — is 16 ft., and its length 
6 ft. 6 in. ere are four useful coils of rope on the 





amaller diameter, 2} on the s ly-coned portion, and 
243 on the parallel portion of the drum. This drum 


Wd, 








tral bearing is also provided, owing to the differ- 
ence in the rigidity of the drum and the shaft. The 

el portion of the drum is covered with oak 
oe 4 in. thick, secured to the drum by j-in. 


g| bolts. A development of a portion of the drum 


showing these bolt-holes is reproduced in Fig. 50. The 
outer rims of the cast-iron end-pieces are plated with 
-in. mild eteel, on which the brake-blocks rub. As 
seen at p p, Fig. 47, this rim is stiffened by ribs. 
These, however, also have a further function, since they 
act as fans when the engine is running, and maintain 
a current of air over the surfaces under the brake- 
blocks when the drum is in motion. This air is com- 
pressed by the action of the ribs under the brake- 
rim, and through holes provided for the 
on the inner side. All liability of the rim to 
get crack is thus obviated. These ventilating 
ducts are clearly visible in Fig. 58, which shows 4 
portion of the rim. , 
The ment of the brakes is best seen in 





arrange 
Fig. 1, Plate XXIX., of our issue of March 31, 
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but one of the ts is shown in Figs. 51 and 52, 
Plate XXXV. it consists of a steel [-beam 
with cast-iron ends riveted on, as seen in Figs. 54 
and 55. The brake-block gq is of wood. The two 
posts on opposite sides of the drum are connected 
together by a link at the top, as indicated. This link 
is screwed into s pivoted nut, shown in position at r, 
Fig. 51, and in detail in Figs. 56 and 57. By screwing 
up this nut the two brake-poste can be brought 
nearer together. As shown in Fig. 57, the nut is 
rovided with a ratchet-wheel and lever. This lever 
is connected to linkwork so arranged that whenever the 
brake-post moves over this lever is caused to oscillate. 
As the brake-blocks wear, the total motion of the 
brake-posts increases, and finally becomes so great 
that the ratchet-lever moves so far that its pawl slips 
over @ fresh tooth of the ratchet-wheel. Hence, when 
the brake-post returns, this wheel is moved through 
one tooth, thus turning the nut and shortening the 
link between the two brake-posts. All wear of the 
brake-blocks is thus automatically taken up. 

The brake is operated by a steam relay, fitted with 
a cataract and with an overtaking-gear. The relay- 


Fig .46. 
LOW PRESSURE BONNET GEAR 
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valves are controlled by a hand-lever. The further 
this lever is pushed over, the heavier the load on the 
brake-blocke, and considerable nicety of adjustment is 
possible between the limits ‘‘ hard on” and completely 
released. Moreover, owing to the automatic take-up 
gear described above the brake load corresponding toa 
— position of the hand-lever varies little from day 
ay. 

The steam-relay cylinder is not shown in Fig. 51, 
but it stands above the cataract cylinder s. Normally 
the brake is held on, owing to the action of the weights 
t. In winding, however, this weight is lifted by ad- 
mitting steam to the underside of the relay cylinder, 
which thus holds the brake off. Releasing the steam, 


the weights again apply the brake and are of them- 
selves ca 


but by 


heavier — pressure is obtainable, sufficient to 
hold the drum fast, not merely against the weighted 
cage, but against the full power of themain engine. The 
Pressure on the brake lever is transmitted through a 
+ oe in the box u, which is shown to a larger scale in 
ig. 53. On first applying the brake, this spring com- 
presses, and the load on the brake-lever cannot exceed 
that due to the compression of the s ring. A free 
compression of 8 in. is provided for, after which the 
Washer above the spring comes hard on to the stop 
shown, jamming the blocks hard on. 
on engine is fitted with steam reversing-gear. A 
: hitmore over-winder gear and controller gear are also 
Htted. The former shuts off steam, a plies the brakes 
independently of the driver—sh the latter be 
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ble of holding the full load on the drum, | th 
mitting steam above the relay piston a still | 


guilty of an oversight—whilst the controller gear, 
which is fixed between the over-winder governor 
the cut-off cams on the valve gear, disconnects the 
vernor when the driver reverses the engine, so that 
Il steam may be applied to bring the to rest. On 
re-starting, the governor is automationliy coupled up 
again tothetrippingcams. Theover-winder gear is illus- 
trated in Figs. 60, 61, and 64, Plate XXXVI., details 
to a larger scale being represented in Figs. 62 and 63. 
The apparatus consists of a pair of screws, right- 
handed and left-handed respectively, which are 
mounted vertically on the same standard as a governor. 
This governor is driven direct from the shaft of the 
winding-drum by means of a roller-chain, and as it 
is geared to the vertical screws, all three rotate 
together. On each screw are two nuts, which re- 
produce on a smaller scale the motion of the cages in 
the shaft. The upper of the two nuts, with which 
each screw is provided, has as its function the pre- 
vention of over-winding should the engineman fail 
to stop winding in time, or attempt, after a stop, to 
start the cages in the wrong direction. In such case 
the nut travelling further up its screw trips a gear, 
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which instantly shuts off steam from the main engines, 
and puts the brakes full on. The lower nut on the 
same screw has a different object. When from one-half 
to two-thirds of a wind has been completed the engine- 
man ought to begin to slow down. The two claws, 
seen in Figs. 60 and 61, are connected with the governor, 
and when the engine is running at ite maximum = 
they extend nearly horizontally across the path of the 
lower nut as it rises on its screw. If the engineman 
fails to check his engine, the nut catches on one of the 
claws, and, lifting it, trips a gear, which shuts off 
steam and gradually applies the brake. If, however, 
the engineman slows down, as he should do, the claws 
are gradually lifted by the governor out of the path 
of the rising nut, and the wind is completed without 
e trip-gear coming into action. It will be seen that 
these claws have several teeth, and the nut may catch 
|on any one of these if the speed of winding is too 
| high at any portion of the end of a run. 

A general view of the engine is reproduced on 
| Plate XXXVII. It is designed to work with steam 
at 145 lb. gauge pressure, superheated to 550 deg. 
| Fabr., and the guaranteed consumption when making 
'66 full-load winds per hour is 14,100 lb. of steam, 
| inclusive of jacket steam. This is equivalent to 33.6 lb. 
| of steam per shaft horse-power per hour. 

The bed-plates are of the trunk type, and bear on 
| their foundations for their whole length. The crank- 
| shaft has four - part bearings, with babbited boxes. 

and is drilled up the centre. The main a for 
the drum-shaft are 16 in. in diameter by 28 in. long, 





, whilst the crank-pins are 8} in. in diameter by 10 in. | 384 


long. The piston-rods are, it will be seen, prolonged 


and| through the back covers as tail-rods, and they are 


cambered so as to be straight under their own weight 
and that of their pistons when at work. Hence no 
weight is carried by the glands, which are packed 
with U.S. metallic packin 

The engines have been designed to the requirements 
of Mr. mund L. Hann, 6, Park-place, Cardiff, the 
consulting engineer to the Chislet Colliery, Limited. 





SOME EFFEOTS OF THE BULKHEAD COM.- 
MITTEE’S REPORTS IN PRACTICE.* 


By A. T. Watt, A.R.C.Sc., Associate Member. 


THE operation of the full rules laid down by the Inter- 
national Convention for the Safety of Life at Sea has been 
postponed on account of the fact that many of the nations 
who were signatories to it are now at war. These rules 
will presumably be made operative sooner or later, after 
- — of —> -\~ meantime, the Board 
of Trade have stipulated, for foreign-going 
steamers the keels of which are laid on or after Seat 1 
1916, that the standard of sub-division laid down for the 
** mixed type” by the International Convention must be 
adhered to. In regard to the sub-division of ships, the 
findings of the Convention were expressed 

n terms, several of the subjects being left for 

urther study and ment. The Bulkhead Committee’s 
Reports state in detail how the principles laid down in 
the Convention should be applied in practice, and modify 
certain of its provisions. e Committee consider that 
international agreement for these modifieations should be 
obtained. In what follows it is assumed that the full 
recommendations of the Bulkhead Comuaittee will even- 
tually become law. 

The object of the t paper is to show how these 
recommendations affect the design, construction, and 
cost of several typical vessels. In addition, an “pl roxi- 
mate method is put forward which, it is hoped, will facili- 
tate the application of the new rules in design work. It 
is “ry 8 : — any = ee oO we ge = 
could possibly cover the whole of the greund, and the title 
has beer chosen to indicate this. 


Part I.—CuHaneoes 1n Design AND OoNSTRUCTION, 


An ordinary perusal of the Committee’s Reports does 
not give much indication of the alterations that would be 
necessary in an existing ship to make her conform to the 
new rules. The matter must be gone into fully by means 
of much calculation and curve-plotting. Everyone is not 
in a position to do this, and the following cases help to 
show the changes that will rally be in 
vessels of different types. If the number and spacing of 
the bulkheads are to remain as at present, the load 
draught would have to be much less. ‘To maintain the 
existing load draught the number of bulkheads must be 
increased, and/or the bulkhead deck raised. A compro- 
mise can, of course, be made between these alternatives. 

In setting out to show the actual changes that will be 
brought about, probably the best method to pursue is to 
examine ships of a type that have been built recently 
and are now in service. Many modifications that would 
have to be made to existing vessels, assuming it was 
required to make them fulfil the new regulations, are 
common to all types, but others depend on the special 
nature of the ship in question. In some cases the modi- 
fications required are small, while, in other instances, it 
is mene lane om 7, a8 will = shown later, that certain 
t v will disappear altoge ° 

n all the vessels dealt with, the bulkheads in the exist- 
ing ships are put into Lloyd’s 1914-15 requirements, 
and the approximate extra first cost of the ship is given, 
due to the alterations by additional steel, deck coverings, 
cargo gear, water-tight doors, &., as well as increased 
tonnage and coal consumption, and loss of dead-weight, 
if any of these takes place. In plotting the curves, the 
floodable length has been set out to half the length of the 
ship, so that the 45-degree set square can be used, as 
descri in the scale of the papert read by Professor 
W. 8S. Abell on “The Calculation of Stability in Non- 
Intact Conditions,” in 1913, before this Institution. 

The pegs be a list of items which may be required 
under the Bulkhead Rules, and which involve extra 
weight and increased cost of construction :— 

1. Additional steel by— 

a) Additional bulkheads. (+) Increased scantli of 
bulkheads. (c) Increased extent of bulkheads. (d) In- 
creased ae of decks forming steps in water-tight 
bulkheads. (e) Increased shaft tunnel scantlings. (/) 
Increased scantlings of water -tight flats round shaft 
tunnels. (g) Extra wy.” and trunks to hatches. (h) 
Fire-proof bulkheads. (k) Filling in wells. (/) Emergency 
exit trunks. (m) Trunks to hatches in decks forming 
water-tight steps in bulkheads. (n) Increased extent of 
double bottoms. 

2. Water-tight docrs— 

(a) Increased number—(1) In ‘tween decks; (2) in 
tunnels ; (3) to trunks, particularly to hatches in water- 
iN steps. (b) More compliented system of operation. 
(c) No wood packing to frames. 3. Insulation behind 
wood lining, and doors to fire-proof bulks. 4. Emergency 
exits for and crew. 5. Extra cargo 

(a) Derricks, and 


in somewhat 


extra holds. probably ph adh 


* Paper read at the Institution of Naval Architects, 
April 13, 1916. 

Transactions of the Institution of Naval Architects, 

vol. lv. (Part I.), page 102 ; ENGINEERING, vol. xcv., pages 
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SUB-DIVISION OF SHIPS ACCORDING TO BULKHEAD COMMITTEE’S REPORT. 
Fig.1. CASE !. 
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Fig.3. CASE 2. 
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SUB-DIVISION OF SHIPS. 


Fig. 6. CASE 5,N?1. 
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Fig.8.CASE 5,N? 3. 
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the sub-division arrangements come under annual survey | consumption is 14 per cent. The total additional cost of 
y the Board of Trade. __ hull brought about by the new rules is 34 per cent. The 
Casr I.—P, r Liner. Class: Steam—1 and 100} ton of the ship is not appreciably affected, any more 


-—Passenge 
Al at Lioyd’s. Shelter-deck with freeboard. a 
dimensions — between perpendiculars, 535 ft. ; 
th, moulded, 63 ft. ; depth, moulded, 40 ft. = 
shelter-deck). As originally designed, this vessel, the 
modified profile of which is shown in Fig. 1, reproduced 
would require eight water-tight 
’s Rules, and these would onl 


on the opposite 
bulkheads under pd y 
extend to the upper deck. At the load draught of 
26 ft. 6in., in order not to increase unduly the number of 
bulkheads in the ship, they would have to be carried to 
the shelter-deck, and even then two additional bulkheads 
are required, as shown in the profile, one forward and one 
aft. A large number of passengers are carried, so that 
the mean permeability of the ship exceeds 80 per cent., 
and the factor of sub-division is 0.461. Referring to the 
list already given of items involving additional cost, all of 
them would be incurred in this ship, with the exception of 
items 1 (g, k, and mn) and 8. The additional gross steel 
added is about 180 tons, and the increased hold at each 
end of the ship introduces extra The water- 
tight door a ment in the new ip is responsible for 
® very considerable addition to the cost. In the shelter 
tween decks doors were fitted in the water-tight bulk- 
ip order to facilitate the : and service 
arrangements, and the total number of water-tight doors 
in the new vessel is 18, aa compared with five in the 
existing ship. All the water-tight doors below the water- 
must be of type (5) or (6), and in working up the 
extra cost they have been assumed to be hydraulically 
Operated—that is, of type (6). The load to 


26 ft. 6 in. does ‘not re t the maximum permissible 
—w the load-line ta or with the present number of 
Kkheads, and it could accordingly have been increased 


im the new vessel in order to balance the increased weight 
of bull, which is about 205 tons. This weight of bull, 
be ver, has to be carried about with the ship, and, 

‘ng & mean working draught of 24 ft. where the dis- 
Placement is 15,400 tons, the approximate increased coal 


than the cubic capacity for . 

Under the “ ined * frond vm ig the number of bulkheads 
required would still be the same as for the “‘ full ” stan- 
— The table below summarises the statements 
made :— 


Percentage Addition 
over No. 1. 


Mean 
Perme. | 
ability. | 


of 


No. Description of 
Ship. 


pth to Bulk- 
head Deck. 
Load Draught. 
Cost 
Hull. 
Weight of 
Hull. 
Deada- 
weight. 
Cubic Cargo 
Capacity. 
Net Ton- 








ft. ft. in 

82 Over 80 |26 6 

40 ‘Over 80 |26 9} 
or 70 


Cas 2.—Intermediate Liner. Class: Steam—1 and 
100 Alat Lloyd’s. Principal dimensions—Length, 480 ft. ; 
moulded, 60 ft. ; depth, moulded, 36 ft. 6 in. 

Fig. 2, opposite, shows the profile of this veesel as she 
would be built before the advent of the new rules. She 
would have the comparatively low speed of 14 knots, 
running at a block coefficient of 0.77. Her load draught 
under the Freeboard Tables would be 29 ft. 7 in., and 


1 Existing type .. 

2 To “full” or 
“mixed” stan- 
dard 


Nil Nil Nil 


ro) 


5 | 28 





f | gross dead-weight capacity 11,830 tons. 


To give a reasona ‘ 
standard of the rules, an additional bulkh e 
added aft, and the resulting load draught is 28 ft. 5 in., 
which causes a decrease in dead-weight capacity of 930 
tons—that is, a reduction of 7.8 per cent. on the above. 
The profile of the vessel to the new requirements is shown 
in Fig. 3. Increased ——_ could be obtained by intro- 
ducing additiona] tothose shown. By moving 


ble dead-weight under the “full” 
lkhead has been 





compestmente aft about 15 ft., and putting 
khead forward, the draught could be 


as in Fig. 2; but, apart from 
cargo 
arrangements more complicated, excess trim by the bow 


in the loaded condition would probably taboo this 
arrangement, —_— 

The vessel in . 3 loses dead weight on account of de- 
creased load d and, to the extent of about 120 tons, 


, 
by the additi weight of the ship brought about b 
fulfilling the requirements of the hon 4 rules. . 
If the vessel shown in Fig. 3 has only to conform to 
the “‘mixed” standard laid down by the Committee, 
the load draught could be 29 ft. 5 in., giving a decrease 
of dead weight as compared with the original ship of 240 
that is, 2 per cent. The extra cost of hull due to 
the new requirements is about 3.5 cent., and is the 
.** full” and ” standards. The 
total gross weight of steel added would be 96 tons. The 
assumption has been made that the tunnel recess would 
not be flooded if No. 5 hold were bilged. If this is not 
done, the draughts would be less than those given. To 
ensure this, at one water-tight door must be fitted 
at the forward end of the tunnel recess. 
In working up the extra cost the assumption has been 
je, as in ¢ 1, that the doors below the water-line 
are hydraulically operated. The after-peak bulkhead 
would cut into crew’s accommodation on the main 
deck, and necessitate the fitting of two horizontal sliding 
water-tight doors in the bulkhead there. Fire-resisting 
bulkheads would have to be fitted as shown in Fig. 3. 
The extra cargo-hatch aft would involve additional 
—. arrangements. Extra pumping appliances, with 
additional power in the emergency dynamo, would also 
have to be provided. net tonnage of the ship would 
not be appreciably affected any more than the cargo 


ca ty. 

There is one feature brought out by comparison of the 
two profiles (Figs. 2 and 3) which shows that No. 2 hold 
in the modified ship is considerably shorter than in the 
original. This feature is of very uent occurrence, 
since the centre of No. 2 hold is generally at the lowest 
part of the floodable length curve. This is unfortunate, 
since No. 2 hold is usually depended on to be the best 
in the ship. No. 3 hold is now the best, but its use 
either partially or wholly as a reserve bunker would 
spoil its usefulness for cargo. The table below sum- 
marises the statements made :— 


| 











© | B Percentage Addition 
£ | co Over No. 1. 
|3 $ |Z | = ae 
Description of | @ | dls ; 
Ship. | g E igi: > Bs 
| asl: = oa | 3 | s 
| 24 | |S Mai os 28) & 
é | BA . 3 | FE ri i 2 4 
z je") a | 3 (oF 8°! x 
| tt. in. | ‘tt. im. 

1\ Existing type ..' 366 | 74.5 207 — | — — |— 
2\To ** Full” stan-, 866 | 74.5 286 36/17) 7.8 | Nil| Nil 
dard (less) 
8\To“'Mixed”stan-- 366 | 70.0 295 8.6/1.7) 20 Nil| Nil 

dard | (less) 
| 
Cass 3. boat with less than fifty 
Class: Steam—1l and 100 Al at Lloyd’s; shelter-deck, 


with freeboard. Principal dimensions: Length between 
perpendiculars, 380 ft.; breadth, moulded, 52 ft.; depth, 
moulded, 34 ft. (to shelter-deck). ‘This v , as build 
before the advent of the new rules, would require six bulk- 
heads under Lloyd’s Rules, and they would be carried to 
the upper deck only. The profile of the vessel to the 
new uirements is shown in Fig. 4, on the opposite 
load draught as a shelter-decker would be 

23 ft. 6 in., and at this draught, taking the u deck as 
the bulkhead deck, the curves of issible length are 
shown underneath the profile. necessary bulkheads 
= 7 —- except that the Lge tee vet still 
too long. 18 arrangement oO! heads could no’ 
of course, be adopted ; > weal baun te ke peoeed 
to the shelter-d as shown in heavy dotted lines in 
the profile (Fig. 4). The vessel would then become an 
awning-deck ship, and the draught would be 23 ft. 8 in. 

would be no necessity to increase the number of 
bulkheads, and the extra cost involved by the new rules 
would be about 3 per cent. There would, however, 
be a large addition to the net tonnage in some condi- 
tions. As the vessel was built, the shelter ’tween-decks 
were free from ton dues, unless cargo was actual] 
carried there. With the new tof bulkh 
these between decks would always measured in the 
tonnage, and represent a permanent addition of about 
20 cent. 

f it were possible with the existing cubic capacity to 
utilise more dead-weight, as it probably would be, in 
certain trades, in a ship of this type, the vessel could be 
built ss a full-scantling ship, and the draught could be 
25 ft. 8 in., without introducing any additional bulkheads. 
The draught allowable under Table A in the Load-Line 
Rules is 26ft. 7in. The next table, given overleaf, 
summarises the statements made. 

Casz 4.—Cross-Channel steamer for carriage of pas- 
sengers and mails. Class: Steam—2, shelter-deck, with 
freeboard and Al at Lioyd’s for Channel pas 
Principal dimensions : Length on load water-line, fe. 
(cruiser stern); breadtl , moulded, 43 ft.; depth, moulded, 
16 ft. 114 in. (to upper deck). 

This is the type of steamer referred to in paragraph 208 
of the Committee’s Second Thev are generally 
of high and shallow draught. The machi 





inery 
spaces are long, but the freeboard ratio is generally fairly 
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large, although the bulkheads are only carried to the 


upper deck. In this particular case the load d t is | port. 


11 ft. 6 in., and ~ ay 23 knots, the freeboard ratio being 
0.482. The profile to the new requirements is shown in 
Fig. 5, on page 400, with the necessary bulkheads and 
curves of permissible and twice issible length 
shown beneath it. No oe difficulty was experienced 
here in the design, although probably more bulkheads 
are fitted t would have been in ordinar 
Ibis found that the steel scantlings prescribed in I 
rules for this t of steamer do nob increase the weight 
of the bulkheads over their weight to the old scantlings ; 
if anything, there is a slight saving. By keeping the 


way. 
e new 


up deck as the bulkhead deck, no itional water- | Th 


tight doors are introduced in the passenger accommoda- 
tion, although one or two extra may be necessary in the 
shaft spaces. 





3 a> Percentage Addition 
| | § 3 Over No. 1. 
is —————————— 
| Description of FA ; ‘ = 
} scription o! 2 3 3 | 4 : 
Ship. 2 5 S =” é.. Ft 
| 4 4 = = = 62 e 
aa Ao|S |tes! & 28 & 
¢| $2 3 3 8 32 H 28\ 3 
%| acl s & £=|&% Bo S 
ft. ft. in. | 
1 |Existingtype ..| 26 | 71.7 26 > — | — — 
2 |Full” or “mixed” 34 [71.70r 238 3.0 1.0 0.4 | Nil, 20 
standard | 70 





In another Channel steamer that was tried the altera- 
tions that would have been necessary were more serious. 
This vessel was about 305 ft. long, with a beam of 45 ft. 
and depth to the upper deck 17 fr., whilst the load 
draught was 12 ft. 6in. As at first arranged, steam was 

rovided from two double-ended and one single-ended 





ilers, and the total length of boiler-room was 64 ft. |S 


This length is 31.5 ft. longer than the permissible length 
under the rule. By replacing the three boilers by two 
double-ended ones, it is possible to reduce the length of 
the boiler-room to 40 ft. This length, however, is still 
greater than the permissible length at the existing draught 
and depth. To make the length of bviler-room equal to 
the permissible length, the necessary increased depth 
to upper deck was determined, and the final combination 
of depth and draught proved to be, depth to upper deck 
18 ft., load draught 12 ft. 10 in. This adds to the displace- 
ment, and if the machinery were retained as at present, 
the speed of the vessel would be slightly reduced. This 
increased depth could, of course, be obviated by carrying 
the bulkheads to the shelter-deck, but in a cross-Channel 
steamer this would probably prove a very inconvenient 
arrangement. and would increase the net tonnage. 

Oase 5.—Passenger and cargo steamer. Class: Steam 
—2and Alat Lloyd’s. Principal dimensions: Length 
between perpendiculars, 270 ft.; breadth, moulded, 43 ft.; 
depth, moulded, 21 ft. Gin. Fig. 6, on the preceding 

, shows the profile of a typical home-trade vessel 

Be service between the Kast Coast and the Continent. 
The vessel is of the three-island type, and the wells for- 
ward and aft are enclosed by high bulwarks extending to 
the level of the poop, bridge, and forecastle decks. e 
load draught before the advent of the new rules was 19 ft., 
giving a freeboard ratio of only 0.135. The curves of 
permissible lengths of compartments are shown under- 
neath the profile, together with the bulkheads that would 
be required to make the vessel satisfy the Bulkhead 
Committee’s requirements. Such an arrangement could 
not, of course, be entertained. The load draught would 
have to be — small to avoid the introduction of extra 
bulkheads, and would have to be in the neighbourhood of 
14 ft. 6 in. Such a small draught would only give a 
dead-weight carrying capacity of about 650 tons, as com- 
red with 1870 tons at the existing draught of 19 fb. 
This arrangement would not be satisfactory, and the 


only practicable way out appears to be by raising the|and d 


bulkhead deck. 

The vessel, being 270 ft. long, falls under Chapter VI. 
of the Bulkhead Rules which apply to the sub-division of 
small vessels. The mean permeability of the ship is 80.1, 
and in consequence the length lies between 295 and /, the 
limits of length given by the Committee, which necessi- 
tate sub-division of the ship throughout the whole length. 
The resulting arrangement is shown in Fig. 7, where 
bulkhead deck has been raised by filling in both the 
forward and after wells. With the ar ement of bulk- 
heads shown the load dranght could — 18 ft. 11 in. 
Any draught in excess of this would require an extra 
bulkhead in the after hold, an innovation that would 
probably not find favour with owners. The dead-weight 
capacity of the vessel is therefore slightly decreased, 
and a slight reduction has been made in the cubic capa- 
city of the cargo s since the forward and after wells 
were always used in the existing ship for carriage of cargo 
as occasion demanded, and the substitution of a double 
bottom forward and aft in place of a single bottom de- 
creases the hold capacities. 

The modified ship will be more expensive to build and 
to run than the existing one. Additions to the first cost 
will be involved by A voce ag weicht of steel, principally 
in the water-tight bulkheads, and also in the shaft tunnel 
—double bottom in place of single bottom—and by filling 
in the wells, the total being tons gross. There will 
also be additional deck coverings and water-tight doors. 
in the *tween decks. The total increase of first cost of 
hull will be about 3.5 per cent., and the addition to the 
weight about 37 tons. These items are bly not so 
important in their effect as the forced addition to the 
tonnage of the ship. The increase in the net tonnage is 
about 17.5 per cen’. of the original. This must be a 


serious item in a bent custinnonsly ening in and out of 

In the existing ships dues would not have to be 
paid on the spaces in the forward and after wells, even if 
cargo was carried there, peewee represent 
& permanent addition to the tonnage. If the mean per- 
meability of the ship had been less than 76.94, the 
270 ft. would lie between the limits of J, and /, that the 
Committee have set =P, and in consequence she would 
only have to be divided for 35 per cent. of the length for- 
ward. In this case it would only be necessary to fill in 
the forward well and arrange the bulkheads as shown 
in Fig. 8. The double bottom would still have to be 
fitted outside the machinery spaces forward and aft. 
© maximum load draught would be 20 ft., and would 
be fixed by the Load-Line Tables, the existing subdivi- 
sion forward allowing of a greater draught under the 
Bulkhead Rules. The addition to the first cost of bull 
would be 2.7 per cent., and to the net 
per cent. 


tonnage 8. 
This represents the ship to the ‘‘mixed” 


standard. 
The table below summarises the statements made :— 














2 Sa | Percentage Addition 
im 4 2 | over No. 1. 
| = = z | “toa : 
Description of | © s/elagiaie. S 
Ship. g s |e || 3s | apis 
-|&@ | Bly! & /O8ls 
$= s | cig« 2 2 & 
é 28S 3 18/9 |28\s 
% | a a | 8 a |6° 2 
ft. in. | ft. in 
1 |Existing type ..21 6 8.1 j)19 ©)— | — -i\i- 
2 |Subdivided 29 6 80.3 1811 35) 31 3.4 (17.5 
\throughout length | (less) | (less) 
8 Subdivided fore 29 6 | 70.0 (20 0/2.7 12.6 34 | 8.5 
end only (less) 





Casr 6.—River ferry-boat, about 150 ft. long. Class: 
team—5. 

In this case the modifications required to make the boat 
satisfy the new cen pee Sy are quite minor. The only 
compartment which exceeds the permissible length is the 
engine-room, but the machinery in this could easily be 
rearranged to allow the after bulkhead to be moved for- 
ward to bring the length of the room within the limit 
allowable. The vessel is shown in part profile in Fig. 9, 
together with the permissible length curves. The exist- 
ing bulkheads are indicated, and the aftermost permis- 
sible position of the after engine-room bulkhead. If the 
after-peak bulkhead were still retained, this would intro- 
duce an additional bulkhead into the ship. The scant- 
lings of the bulkheads under the new rules involve 
identically the same weight of steel as the existing 
scantlings. 

In generally reviewing the cases of the six vessels dealt 
with, it powen A be noted that the changes made are not 
necessarily the only ones possible; there are also 
numerous matters of detail that occur in working up the 

eral arrangements and steel plans which have not 
Cen remarked upon. Questions em | to horizontal 
and longitudinal sub-division and the sub-division of very 
large ships have not been touched upon. These omissions 
were essential in order to keep the paper within even the 
present dimensions 


(To be continued ) 





THe Soormtry or Motork MANvFACTURERS AND 
Trapers, Lintep.—The new Council of this Society, 
elected at the recent annual eral meeting, has unani- 
mously re-elected Mr. E. Powell as president. The 
new vice-presidents are Mr. A. Brown and Mr. E 
Hopwood. 





Tue Institution or Civi ENGINEERS: AWARDS FOR 
Pargers.—The Council of the Institution of Civil Engi- 
neers have made the following awards for papers read 

iscussed during the session 1915-16:—A Telford 
Gold Medal to Sir John Benton, K.C.I.E. (Eastbourne) ; 
a Watt Gold Medal to Sir George Buchanan, ©.I.E. 
Rangoon); a George Stephenson Gold Medal to Mr. 

. W. Carter, M.A. (Rugby); and Telford Premiums 
to Mr. C. Carkeet James (London), Mr. D. E. Lloyd- 
Davies (Cape Town), and Mr. W. T. Lucy (Oxford). The 
awards for papers published in the Proceedings without 
discussion will be announced later. 

Speciat Export Pricgs roR GERMAN [Ron Propvucts. 
—No doubt the depreciated exchange value of the mark 
has meant a very serious loss to an manufacturers 
during the war as far as their export trade is concerned, 
but it isa question whether their new methods will not 
in the long run do them more harm than good by driving 
away their buyers. Quite recently an arrangement has 
been entered upon between the German Steel Union and 
its Datch connections, fixing the maximum price for 
basic steel at 8 gulden per 100 kg. (220 lb.), and 9 gulden 
aad 100 kg. for Siemens-Martin ship steel sections. 

oreign re henceforward will not only be required 
to make up for the unfavourable state of the exchange, 
but they will also have to pay, in addition, a suitable 
advance on the home i The newly-formed ex 
union for bar-iron has al y fixed exports prices, which 
stand at 210 marks, inst 140 to 145 marks on the home 
market. The new Dutch arrangement, already referred 
to, makes the export price to Holland for basic steel 
come out at about 190 marks per ton, whilst the prices in 
Germany, after the last rise, range from 112.50 marks to 


127.50 marks for the various descriptions on the German | P’ 
home market, the figures for Siemens- i 





Martin goods being 
respectively 210 marks for Holland, and 127.50 to 142.50 
marks per toa on the German inland market. 


WATER-PRESSURE REGULATING 
APPARATUS. 


Tue illustrations on page 404 are reproduced from 
drawings and photographs of a water-pressure regu- 
lating plant, the duty of which is to maintain a fairly 
constant pressure at the end of a water main, irrespec- 
tive of the quantity drawn off at intermediate points. 
The main in question supplies a large public building in 
an outlying district of Falkirk, N.B., at which point 
the water pressure was found to range from 20 lb. to 
50 lb. per sq. in., owing to variations in the demands 
of the other districts supplied by the same main, so 
that at certain times an adequate supply to the upper 
floors of the building could not be maintained. The 


5 | Plant illustrated was therefore installed on the instruc- 


tions of Mr. Charles Massey, C.E., engineer to the 
Falkirk and Larbert Water Trust, to whom we are 
indebted for the particulars iven below, and we 
understand that it has satisfactorily overcome the 
difficulty above referred to. 

The plant comprises a multi-stage centrifugal pump, 
driven through a pin-type flexible coupling by variable- 
speed, shunt-wound interpole motor of the protected 
type. The set is supplied with direct current at 460 
volts from the town mains, and when running at 1000 
revolutions per minute will give a discharge of 834 
— per minute at a pressure of 21.6 lb. per sq. in. 

y increasing the speed to 1420 revolutions per minute 
the same discharge can be obtained at a pressure of 
47.5 lb. per sq. in., and other quantities and pressures 
can, of course, be obtained at intermediate speeds. The 
plant is, however, required to give a constant dis- 
charge pressure, irrespective of the quantity delivered, 
and this is accomplished automatically by varying the 
speed of the motor by means of an hydraulic relay 
ge drawings of which are reproduced in 

igs. 1to5. The complete installation is shown by 
the photographic illustration, Fig. 6, and the pump and 
motor are separately illustrated in Fig. 7. 

The general arrangement of the governor is clearly 
shown in Figs. 1 and 2, while the essential working 

rts are drawn toa larger scale in Fig. 5. Water 

rom the main in which the pressure is to be kept 
constant is admitted through the union connection on 
the left-hand side of Figs. 2 and 5 to the space 
below a flexible diaphragm, the pressure on which is 
balanced by a weighted lever. The weight is ad- 
justed so that the desired constant pressure will keep 
the lever horizontal, and a higher or lower pressure 
will either raise the lever or allow it to fall. The 
movement of the lever actuates a pilot-valve control- 
ling the flow of water to and from a vertical cylinder 
containing a piston which is connected by a piston-rod 
and chain to a rheostat in the field circuit of the 
motor. The cylindrical vessel on the right-hand side 
of Fig. 2 is a strainer provided to prevent dirt from 
interfering with the action of the pilot-valve, and 
Figs. 3 and 4 show the design of the sheaves over 
which the chain passes on its way to the rheostat. 
The various parte are visible in the back ground of 
Fig. 6, and the main switch, starting rheostat, and 
ammeter for the motor can also be seen in that figure. 

When the set is running and the pressure in 

the main is normal, the weighted lever will be 


horizontal and the pilot-valve will occupy an inter- 


mediate position in which both es to the 
governor cylinder are closed. The piston will then be 
stationary at some point depending on the delivery. 
If now the demand increases, the pressure will drop, 
and the diminished pressure on the diaphragm will 
allow the weighted lever to fall. This movement will 
draw the pilot-valve downwards into the position 
shown in Fig. 5, thus opening the lower passage 
between the valve and the cylinder to the water 
pressure, and the upper passage to the exhaust. The 
lower passage is, however, connected to the upper end 
of the cylinder, and vice versd, so that the piston will 
move downwards, thus increasing the resistance in the 
motor field, and consequently increasing the speed. 
The piston is connected to a wedge-shaped sliding- 
piece, on which a roller carried by a Eatlcanek lever is 
pressed by means of a spring, and the downward move- 
ment of the piston will therefore allow this lever to turn 
through a small angle in a counter-clockwise direction. 
The bell-crank lever is connected to a floating lever, 
which operates the pilot-valve, so that the latter will 
be lifted in this way as well as by the upward move- 
ment of the weighted lever due to the rise of pressure 
resulting from the increased speed. Eventually the 
——- to and from the cylinder will be closed again, 
and the piston will come to rest in some new position, 
and the set will continue to run at an increased speed. 
A similar series of movements will, of course, take 
place in opposite directions if the pressure should 
increase. The movements, it should be explained, are 
not continuous, but proceed step by step, with an 
intervening pause, so that the speed of the set 18 
gradually varied from time to time, according to the 
ressure, which is thus kept practically constant ; in 
practice the pressure is found not to vary by more 
than 1 lb. or 2 1b. per sq. in. from the normal. The 





set must be started up by hand, but the control- 
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r is so arranged that it is impossible to start up 
with a weak field. It is, however, automatically shut 
down during periods of light load. The pump, it should 
also be mentioned, is designed so that it is impossible 
for the water to be contaminated with oil from the 
bearings. 

The main contractors for the complete plant were 
the British Electric Plant Company, Limited, of 
Glasgow, and the pump and motor were constructed 
at the Alloa Works of this firm. The sub-contractors 
for the starting and regulating apparatus described 
above were the Igranic Electric eg 7 Limited, 
of 147, Queen Victoria-street, London, E.C. 





THE LATE MR. JOHN TWEEDY. 

WE learn with regret of the death of Mr. John 
Tweedy, who, by his sound mechanical ability, high 
integrity in all that concerned the profession and 
business, and genial temperament, had exercised great 
influence not only in the design of marine engines, 
but in the counsels of the technical institutions 
devoted to engineering. Born in 1850, after a liberal 
education and training he commenced work in the 
general engineering factory, near Durham, of Messrs. 
Thomas Richardson and Sons, and served with this 
firm for several years, until he became chief draughts- 
man and general assistant manager at Messrs. Geo 
Clark’s marine engine works, Sunderland, where he 
continued for some time. In both establishments 
he gained complete practical knowledge of work for 
the mercantile marine. and in 1879 was appointed 
manager to Messrs. Wigham Richardson and Co.’s 
engine works at Newcastle-on-Tyne. Here his engi- 
neering and commercial ability was early recognised 
by the late Mr. Wigham Richardson, a sound judge of 
men, and he was, within a few years of joining the firm, 
made a partner, and when the business became asso- 
ciated with Messrs. Swan and Hunter he continued a 
director, becoming ultimately the vice-chairman of the 
company. Messrs. Wigham Richardson and Co. were 
among the leaders in the design of high-speed merchant 
craft on the Tyne. Mr. Tweedy took up the work of 
lightening and improving the marine engine, and one of 
the notable services which he rendered was connected 
with the balancing of the engines. Others had been 
working at the same problem, and ultimately there 
was evolved the Yarrow -Schlick-Tweedy system, 
which had a most pronounced effect in reducing the 
vibration of ships due to the action of the unbalanced 
parts of the reciprocating engines. : 

Mr. Tweedy did not take much part in the public 
proceedings of the technical societies. He became a 
member of the Institution of Mechanical Engineers in 
1882, and served on the Council from 1902 to 1908. Of 
the Institution of Naval Architects he became a mem- 
berin May, 1889, and in 1903 was appointed by the 
Council to represent the Institution on the Consulta- 
tive Committee to the Board of Trade. In 1902 he was 
elected President of the North-East Coast Institution 
of Engineers and Shipbuilders, of which he had been 
a member for a long time, and served for the usual 
two years. For some time also he was on Lioyd’s 
Technical Committee. He had, however, to relin- 
quish much active work owing to an illness which 
incapacitated him some seven or eight years ago. 
He went to Harrogate in order to accelerate, if pos- 
sible, an improvement in his health, but died there 
on the 7th inst., at the age of sixty-six years. 

He was twice married, his wife being a 
daughter of the late Mr. Frank C. Marshall, of 
Messrs. Hawthorn, Leslie and Co., and she survives 
him. Of his two sons, one, Mr. George F. Tweedy, 
has followed him as En «wong * Director of Messrs. 
Swan, Hunter and Wigham ichardson, Limited, 
and the other, Captain J. M. Tweedy, is now serving 
with the 5th Northumberland Fusiliers. 





INDUSTRIAL NOTES. 

Tue President of the Board of Trade has appointed 
a committee for the textile industries and one for the 
electrical trades to consider their position after the 
war, with special reference to international competi- 
tion, and to consider the steps which it is necessary 
or desirable to take in order to safeguard their posi- 
tion. The committee for the electrical trades is 
formed of the Hon. Sir Charles A. Parsons, K.C.B., 
F.R.S (chairman); Mr. J. Annan Bryce, M.P.; Mr. 
T. O. Callender; Mr. James Devonshire ; Mr. B. M. 
Drake ; and Sir John Snell. All communications are 
to be sent to the Secretary, Electrical Trades Com- 
mittee, 7, Whitehall Gardens, S. W. 

The President of the Board of Trade has also 
appointed Sir Joseph P. Maclay and Mr. Summers 

unter as additional members of the Shipping and 
Sripbeliding Committee; Mr. E. H. Marker, Sead 
of Trade, has been appointed secretary to this latter 
Committee. 


The Director of the Department of Labour Statistics 
states, in the Board af Trade Labour Gazette, that 








retail prices of food in the United Kingdom advanced 


during March by less than 1 per cent. The increase 
in the prices of flour and b: » which commenced in 
November last, had now been arrested, and a decrease 


of between 1 and 2 per cent. was shown. As com- 
pared with April 1, 1915, there was an average increase 
of 19 per cent. Taking the country as a whole, and 
making allowance for the relative importance of the 
various articles in working-class household expendi- 
ture, the average increase in the retail prices of food 
since the beginning of the war may be put at 49 per 
cent. This figure relates to food only, and in esti- 
mating the increased cost of living, this percentage 
must not be applied to the total family expenditure, 
> mal only to that proportion which is expended on 





During February a slight fall, amounting to 0.8 per 
cent., was recorded in the general level of retail prices 
of certain of the more important articles of food in 
Berlin, as compared with January, while food prices 
as a whole were 85.6 per cent. above those of July, 
1914. In arriving at these results allowance is made 
for the relative importance of the various articles in 
working-class consumption. 

For eight out of nineteen articles considered the 
prices recorded for February show no change as com- 

red with the previous month. As regards the other 
items the decreases in price slightly outweigh the 
rises, the result being that, on the whole, the general 
level showed a slight fall. 

It can no longer be considered that the percentages 
quoted show the full extent to which the normal food 
supplies of Berlin are being reduced owing to the 
war. The prices recorded are in several cases maxima, 
above which retail dealers are not allowed to charge. 
Moreover, many of the articles may only be sold in 
strictly limited quantities—e.g., bread, flour, butter, 
lard, milk; while others, such as peas and 
would appear to be practically unobtainable at the 
ordinary shops. For the two last-named articles 
Berlin quotations have ceased for some months, and 
the percentages are based on the average prices for 
the remaining towns of Prussia. Lentils would appear 
to have practically disappeared from the Prussian 
markets, since no prices are recorded for February 
either for Berlin or for Prussian towns generally.. The 
disappearance of this article from the returns has the 
effect of still further reducing the computed eye g 
rise in the general level of food prices since July, 1914. 





The Press Bureau has issued a meee made by Sur- 
geon Karl Ohnesorg, United States Navy, of visits to 
certain working camps in or near the City of Berlin. 
In this report, it is stated that 300 prisoners of war 


are employed in the City of Berlin Gas Plant, 46| cha 


of whom are British; 25 work in the retort-room, 
and the remaining 21 at manual labour about the 
yards. The former receive 1.50 marks (ls. 6d.) a day, 
and the latter 75 pf. (8d.). At Niederschéneweide, 
82 British are employed in a foundry ; 25 are quartered 
outside the works in very unsatisfactory conditions ; 
whilst 57 occupy the first floor of a three-story build- 
ing. The prisoners receive 2.50 marks (2s. 6d.) daily. 
At Gladow 12 men, including a ser tand a petty 
officer, are employed by farmers ; the same conditions 
rule at Gross Glienicke, where there are nine British 
prisoners. Twenty-seven British, 10 of whom are 
corporals, are employed at the City of Berlin Electric 
Light Plant, their work being chiefly the unloading 
oul whediing of coal into the power-house. Among 
the other camps referred to in the report, we may 
mention Lichtenberg, where a hide-curing com- 
pany employs 39 British from the Doberitz camp, 
who ouk 94 hoursaday. At the City Slaughter- 
House there are 53 prisoners of war, 43 French and 
10 British. 





The annual report for 1915 of the Ship-Constructors 
and Shipwrights’ Association states that it closed the 
year with a membership of 29,563, being a gain of 
1295 members for the twelve months. © income, 
apart from the association’s operation under the 

ational Insurance Act, had been 80,405. for the 
year, showing an increase of 10,000/. over the year 
1914. Theexpenditure had been 64,341/. Atthe close 
of 1915 the total reserve fund of the association 
reached 176,084/. The inerease of the total income 
for 1915 was almost wholly due to the National 
emergency levy. 





The annual report for 1915 of the United Pattern- 
makers’ Association sta'es that it commenced the 

ear w:th 8652 members, a membership which rose to 
Jo19 at the close of the year, showing a gain of 367 
members. The gain in membership in 1914 was 175 
only. At the commencement of 1915 the total balance 
was 74,2341. The income from all sources amounted, 
in round figures, to 40,511/., giving a total of 114,745/. 
The expenditure amounted to 21,759l., leaving « 
balance of 92,986/. at the close of 1915. 


FOREIGN ENGINEERING PROJECTS. 


We give below some data on two foreign engi- 
neering projects, taken from the Board of Trade Journal. 
Further Fame = on these projects can be obtained 
from the mercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, London, E.C. 


Portugal: The Diario do Governo, Lisbon, publishes 
the text of a Bill, which has been presented to the Portu- 
guese Uhamber of Deputies, to authorise the Munici- 
— of Alenquer to construct a broad-gauge railway 
rom the station of Carregado to Alenquer. A period of 
ten months is a for the presentation of plans for 
the approval of the Government, and work on the con- 
struction of the line will commence within ten months 
after their approval. Article 3 of the Bill proposes to 
authorise the Municipality to raise a loan of 260,000 
escudos (about 37,6007. at current rate of exc ). to be 
devoted exclusively to the construction of the railway. 


Brazil: The Diario Oficial, Rio de Janeiro, publishes 
a Decree (No. 11,982) approving the project for the re- 
construction of the section of the Theresopolis Railway 
between Raiz da and Theresopolis, a distance of 
11,660 metres (about 7 miles) to cost about 71,300/. 





ROYAL METEOROLOGICAL SOCIETY. 

THE usual monthly meeting of this Society was held on 
Wednesday, the 19th inst., at 70, Victoria-street, West- 
minster, jor H. G. Lyons, D.Sc., F.R.S., President, 
in the chair. 

Mr. E. V. Newnham, F.R. Met. Soc., read a paper 
entitled ‘‘ The Persistence of Wet and Dry Weather.” 
The rainfall records of Greenwich, Kew, Aberdeen, and ° 
Valencia have been examined in order to find out how 
often rain falls on the following successive runs of one, 
two, three, » wet or fine days. The common notion 
seems to be that after a long run of wet days the chance 
of a fine day becomes greater, but statistics do nob sup- 
port this conclusion. Generally speaking, the expectation 
of rain on any day has been found to increase rapidly as 
the number of previous successive wet days increases, and 
to diminish with the number of successive fine days in 
the past. After very long spells of either kind the 
oe of further rain reaches a practically steady 

ue. The same conclusion holds for the expectation of 
rain in a given hour after different rans of wet and dry 
hours. In illustration some of the results may be quoted : 
—At Valencia, after seven days of drought rain falls on 
the “—" day 24 times out of 100, but after seven rainy 
days 86 times. For Kew the corresponding increase is 
rather less—namely, from 27 to 73. 


A eo was also read by Professor H. H. Turner, 
F.R.S., entitled ‘‘ Discontinusties in Meteor ical Pheno- 
mena.” Inaformer paper certain critical dates, about 


six years apart (and formed according to a specified law, 
apparently related to the movements of the earth’s axis), 
were specified for 200 years , and it was shown that 
a number of meteorological data o d abruptly in 
character at these dates. In simple cases the inteoediate 
pters are alternately hot and cold or wet and dry, 
though other changes are more complex. In the present 
paper various new data are submitted to the same test, 

give confirmatory results. The most noteworthy case 
is that of the mean temperatures at Paris, which confirm 
the dates for the past on The changes at the 
critical dates are shown to be abrupt; the alternation is 
consistent for seventeen chapters out of eighteen, and it 
is shown to vary in amount according to a law which 
suggests the lar action of two disturbing causes, one 
of which has already been shown to play an important 
part in these and has a period of about forty 


in ena, 
ears, the other, of about fif appearing clearly in 
ier. Douglass’s measures of Californian tree-rings. 





THe Commitrex on Neoiect or Scimgnoz.—A mectiog 
will be held at the invitation of this committee, of whic’ 
Sir Ray Lankester, K.C.B., F.R.S., is chai on 
Wednesday, May 3, in the rooms of the Linnean q 
Burli House, Piccadilly, London. Lord Rayleig 
O.M., Past-President of the Royal Society and Chan- 
cellor of the University of Cambridge, will take the chair 
at3p.m. The following resolutions will be submitted : 
—1. Thae in the opinion of this meeting it is a matter of 
urgency, in order to promote national efficiency in the 
near future, that the natural sciences should be made an 
integral part of the educational course in all the t 
schools of this country, and shouki form part of the 
entrance examination of the universities of Oxford and 
Cambridge as well as of the newer universities. 2. That 
itis in the highest degree desirable that the Government 
should exercise the — power which it possesses of 
encouraging the study of the natural ssiences and thereby 
increasing the efficiency of our public servants (a) by 
assigning capital importance to the natural sciences in 
the competitive examinations for the Home and Indian 
Civil Service; (b) by requiring some knowledge of the 
natural sciences from all idates for admission to 
Sandhurst. 3. That this meeting is of the opinion that 
the method indicated in Resolution 2 is the only one by 
which it is practicable to bring about the desired c' 

in the attitude of the schools and throughout 
country towards the natural sciences and to make some 
knowledge and understanding of those sciences general. 
As the resulte of such changes will only develop in the 
course of years, it is angee® Se Se matter cheeks bo af 
once taken in hand by His Majesty’s Government. 4. 





That the committee are authorised to take such s as 
they may consider iate in order to bring 
views to the notice is Majesty’s Government. 
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WATER-PRESSURE REGULATING APPARATUS. 
CONSTRUCTED BY THE IGRANIC ELECTRIC COMPANY, LIMITED, ENGINEERS, LONDON AND BEDFORD. 


(For Description, see Page 402.) 
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** Personally,” said Mr. Henderson, ‘‘I | system last year were satisfactory, the number of stations 
think there is certainly a fair margin of | in operation at the close of the year being 9,151,221, 
ne showing here. It is not at all} sho an increase of 502,228 as compared with Decem- 
ikely that a process which is worked | ber, 1914. The system has now no less than 10,536,837 
successfully and well known in Germany | miles of underground wire, the conduits involving @ cost 
would cost a great deal more to work | of 94,500,000 dols. The cables in the conduits also repre- 
here with such a store of raw material | sent a cost of 111,200,000 dols., making a total for under- 
to hand.” Mr. Henderson also called | ground plant of 205,700,000 dols. 
attention to the presence of water , — 
soluble potash salts in wool. From raw} CANADIAN MgTaLLuRGy.—The production of pig-iron 
wool he showed that from 7 cent. to] in Canada last year was officially estimated at 815,820 
10 per cent. was obtainalle without tons, of the value of 11,592,819 dols. The corresponding 
damaging the wool. In some Conti-| production in 1914 was 699,253 tons, so that the output 
Fie. 6, nental countries it paid handsomely to | increased last year to the extent of 17 per cent. Of last 
extract the salts by washing the wool | year’s production 803,595 tons were made with coke and ‘ 
Tue Makino or Lanouine.—The Australian Minister | and evaporating the solution, but he thought that the| and 12,225 tons with charcoal. Of the ore dealt with, 
for Customs recently called attention to the waste of | eva; tion could be much more cheaply accomplished | 261,879 tons came from Canadian mines and 1,306.580 tons 
millions of pounds of lanoline from the numerous wool- | in dry air of Western Queensland than by artificial | were imported (750,535 tons from Newfoundland). The 
scouring establishments in the Commonwealth. The sub-| means in Europe. These statements have caused con- | Canadian production of steel ingots and castings last year ‘ 
~ had previously been dealt with by Mr. J. Brownlee | siderable interest in Australia, where the Lp | of | was 911,013 tons, as com with 739,857 tons in 1914. 
enderson, Government Analyst of Queensland, who establishing a new industry in the making of ine| Iron ore was shipped from the Wabana Mines, New- 
inted out that lanoline existed in wool to the extent of | is: being seriously discussed. foundland, last year to the extent of 775,402 tons— 
4 percent. The German wholesale price for lanoline at 716,185 tons to Cape Breton, and 59,217 tons to England. 
that time—not the mixture of lanoline, vaseline, and| Western TxLEPHONy.—The chief telephone event last | The corresponding shipments of Newfoundland iron ore 
water sold in collapsible tubese—was 11d. per pound, so | year in the Western world was the opening of a trans-|in 1914 were 570,928 tons, of which 377,607 tons were 
that from this source a —- quantity of material | continental line from New York to San Francisco. | forwarded to Cape Breton and 193,321 tons to Europe 
must have beea thrown away in Australian woc] scours, | The financial and other conditions relating to the Bell! and the United States, 
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CONSTRUCTED BY MESSRS. FRASER AND CHALMERS, LIMITED, ENGINEERS, ERITH. 





THROTTLE-VALVES FOR CROSS-COMPOUND WINDING-ENGINES AT 
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NOTICES OF MEETINGS. 
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F.LO. The President will deliver his inaugural address. A 
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Friday, May 5, at 10a.m. General ting of b The 
aw: of grants from the Andrew Oarnegie Research Fund in 
aid of research work will be announced. Papers Nos, 2, 4, 8, 

discussed. If time permite, other 74 
at any of the sessions. The following of 
papers is expected to be submitted for reading and discussion : 
—1. “Notes on the Theory of the Corrosion of Steel,” by Mr. L 
Aitchison. 2. ‘Notes on the Relations between the Outi 
Efficiencies of Tool-Steels and their Brinell or Scleroscope ° 
nesses,” by Mr. J. O. Arnold, D.Met., F.R.8. 3. “A New 
Thermo-Electric Method of Studying a wy Changes in Iron 
or other Metals, by Mr. C. Benedicks, Ph.D. 4. “Initial Tem- 

rature and Critical Cooling Velocities of a Chromium Steel,” 

y Mr. C. A. Edwards, D.Sc. 5. ‘‘The Influence of Oarbon and 
M ese upon the Corrosion of Iron and Steel,” by Sir Robert 
Hadfield, D.Met., F.R.S., and J. N. Friend, D.Sc. 6. “‘Early 

riments on the: Recalescence of Iron and Steel,” by Mr. A. 
M k, F.R.S. 7. “A Few Experiments on the Hardness 
Testing of Mild Steel,” by Mr. W. N. Thomas, B.Sc. 8. “‘ Surface 
Tension Effects in the Intercrystalline Cement in Metals and the 
Elastic Limit,” by Mr. F. OC. Thompson, M.Met., B.Sc. 
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LARGE-BOILER LOCOMOTIVES. 
THe important part played by the boiler in 


modern locomotive design has frequently formed 
the subject for comment in these columns. In 
this country, owing to limitations from which we 
cannot get away, matters cannot be carried as far 
as, for instance, in the United States. Neverthe- 
less, the trend of design of late years in both 
countries has perforce been the same. The fast|t 
timings with heavy loads, now common, make high 
average speeds essential. 


The days of short 
bursts of high s areover. To maintain modern 
schedules speeds must be good up hill and down 
dale, and a good average is wisely considered pre- 
ferable to sensational performances on favourable 
stretches ontherun. In other words, the demand 
on the locomotive in what we may call ‘‘ first-class 
service” is for high and sustained power. In 
passenger work loads and average speed are high. 
Of freight service the same is true, though in a 
variety of combinations ranging between ‘‘ heavy ” 
and ‘‘fast” freight service. In either case the 
locomotive must be capable of a large and well- 
sustained output, so that boiler capacity has come 
to be in a manner the leading feature of the high- 

wer locomotive. It is, so to speak, as if the 

iler claimed first attention, the running gear 
uently brought up to the required 
state of development. 

That, however, is not strictly the case, for we 
all know how interdependent are the various parts 
of a locomotive. The design of all must go hand 
in hand ; yet, if we want maximum — per- 
vading and overshadowing all is the boiler ques- 
tion. What must, or what may, be done to secure 
the best boiler is of paramount importance. The 
saving of weight elsewhere may allow more weight 


2 | to be put into the boiler. The better balance of parts 


may permit heavier axle-loads and a larger boiler. 
Or should another axle be adopted? But size alone 


, isnot everything, With size there must be correct ' 


portioning ; otherwise we shall be no better off. 

ere have m well-known cases of big boilers 
crammed with tubes, and having exceptional heating 
ae = have — ailures ; and others 
with equally large surface, but so sluggish, owing 
to length of tube, that the expected capacity was 
never realised. In others, again, the importance 
of the fire-box and grate seems to have been sadly 
underrated, and ev ing staked on the tube 
surface. Maybe the failures are not so striking 
here owing to the tentative. manner in which we 
have developed the large locomotive. In the United 
States, with more scope, the designer has been 
bolder, and lack of success, when it has occurred, 
has been the more noticeable, perhaps. Taking 
it all round, when it is considered how little real 
investigation work is possible in locomotive engi- 
neering without incurring immense expense, is it 
not greatly to the designers’ credit that failures 
have been so few ? 

In this matter no system has taken more care to 
be sure of its ground than has‘the Pennsylvania 
Railroad. Fortunately situated in being powerful 
enough to be able ‘to afford the expense of running 
the best organised test department in existence, it 
has threshed out the effect of changes step by step, 
with very important results upon the design of its 
locomotives. Under the su ision of Mr. J. T. 
Wallis, General Sapesistentand of Motive Power, 
the work carried on by Mr. C. D. Young, Engi- 
neer of Tests, at Altoona, has proved the value of 
thorough investigations, and its effect is seen as 
the designs are brought nearer and nearer to the 
ideal aimed at. Some time ago we dealt with the 
various changes which had resulted in the produc- 
tion of a very remarkable design of 4-4-2 type loco- 
motive, This engine is more powerful than many 
of the 4-6-2 type. It is the outcome of testing- 
plant investigations, having a boiler which is 
an excellent compromise between activity and 
economy — which, while avoiding sluggishness 
and consequent restriction of output. at the 
higher rates, still has sufficient surface to pre- 
vent waste of heat. Niceties of design such as 
these are hard to settle without some foundation 
to work on. One school advises the use of long 
tubes, so as to provide a reserve of heating surface 
for abnormal conditions ; an economical boiler 
result, but one which cannot be forced to high 
capacity. Others prefer short tubes, giving an 
active, but wasteful, boiler. The desired com- 
promise between these two seems to have been 
arrived at in this 4-4-2 locomotive, as the result of 
work on the testing plant, in a way which would 
have been impossible with road tests only to go 
upon. A very powerful engine has been produced, 
and is now in service-on the easier divisions of the 
system. On the hilly divisions it gives place to 
the 4-6-2 class, the latest example of which bears 
marks of no less careful design, the result of 
sifting testing - plant information regarding a 
number of previous designs of the same general 


ype. 

This latest engine, be it noted, is not the largest 
4-6-2 locomotive on the system, but it is at once 
the most powerful and the most economical of this 
type. Its superiority is due primarily to good 
boiler proportions. With practically the same 
grate area as the largest engine of the type, it has 
larger fire-box heating surface, but shorter tubes. 
The greater activity of the boiler anapees, while 
the increase in fire-box surface probably largely 
accounts for the good transmission. The following 
proportions of this ‘‘ K 48” class may therefore be 
of interest :—Ratio of heating surface to grate 
surface, 70.2 : 1; flue area of tubes to grate area, 
0.12 : 1; fire-box surface to grate surface, 4.4 : 1; 
tube heating surface to fire-box heating surface, 
11.0: 1; ratio fire-box volume, in cubic feet, to 
grate surface, in square feet, 5.1:1. The grate 
area is 69.26 sq. ft. The boiler is fitted with 
a superheater, whose heating surface is in- 
cluded in the ratios above, the ratio of total 
heating surface to superheating surface being very 
nearly4:1. This boiler has given a maximum 
evaporation of 65,400 lb. of water per hour, the 
highest rate of combustion reached being 171 lb. 
of coal per square foot of grate per hour. 

With cylinders 27 in. by 28 in., and 80-in. 
driving-wheels, this locomotive can be maintained 
at over 60 miles per hour with a cut-off of more than 
50 per cent., so ample is the boiler capacity. The 
maximum indicated horse-power developed on the 
plant was 3183.9, obtained with a cut-off of 65 per 





cent, and at a speed of 47.3 miles per hour. This 
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power works out at the rate of 1 indicated horse- 

wer for every 97.1 lb. weight of the locomotive. 

he 4-4-2 engine referred to above works out at 

1 indicated horse-power for every 96.5 lb, weight. 
There is thus practically no falling off in power with 
the heavier locomotives, as is sometimes contended. 
That they may also be designed to be economical 
is proved by the fact that at 1600 indicated horse- 
power this locomotive takes only 1.75 lb. of coal 

r indicated-horse-power hour, while up to 2600 
indicated horse-power its coal rate is less than 
2.5 lb., and at maximum power it is 3.25 1b. of coal 
per indicated-horse-power hour. 

Advocates of standardisation will be interested 
to hear that this boiler has also been fitted to a 
new class of 2-8-2 engines. The practice of build- 
ing standard boilers suited to several classes is well 
known over here, but this is the first time it has 
been attempted on the Pennsylvania Rai > 
The results have proved excellent. Till lately, for 
road service, this system confined itself for freight 
work to heavy 2-8-0 or ‘‘ Consolidation” loco- 
motives. Heavy through train loads have now 
exceeded the limits of the 2-8-0 class. As we 
showed not long ago, the 2-8-2 type is the natural 
sequence, the extra weight being mostly put into 
the boiler. How this has been worked out in this 
case may be gathered from the following facts. 
The 2-8-2 engine is 25.7 per cent. heavier than its 
2-8-0 predecessor, but is only 5.6 per cent. heavier 
on the driving-wheels. Com with the old, 
the tube-heating surface has n increased 30.8 
per cent., the fire- box heating surface 58.8 per 
cent., the superheater surface, 44.8 per cent., 
the total heating surface 37.1 per cent., and 
the grate area 26.5 per cent. With cylinders 
27 in. by 30 in., driving-wheels 62 in. in diameter, 
and boiler pressure lb. per sq. in., the tractive 
effort at starting (assuming 80 per cent. of the 
boiler pressure available) works out at 57,850 lb. 
The actual figure reached on the plant was 
59,742 lb., thus more than justifying the use of 80 

r cent. in this calculation. he boiler capacity 

as so far been increased over the former class 
that with cylinder volume enlarged 25 cent. 
there is still ample steam at 30 miles per hour and 
60 per cent. cut-off. The new engine can exert at 
30 miles per hour a pull which the former t 
could only manage at 18.6 miles per hour. Bei. 
dently the new engine promises well either for 
heavy or fast freight service. Its highest recorded 
power was 2837 indicated horse-power at 31 miles 
per hour and 60 per cent. cut-off, while its coal 
rate runs out between 2.5 lb. to 4 lb. of coal 
(freight quality) per indicated-horse-power hour. 
On the weight-power basis it is 8 lb. per indicated 
horse-power to the good compared with the older 
and smaller class. 

Satisfactory as this design has proved itself to 
be, some changes, it would seem, may still be made 
with advantage. This boiler is fitted with tubes 
19 ft. long and Schmidt superheater elements run- 
ning back to within 2 ft. of the fire-box tube-plate. 
Although the proportion of superheating to total 
heating surface is nearly 1: 4, the superheat is 
comparatively low, while the pressure drop is con- 
siderable. Recent researches at Altoona all go to 
support the contention advanced in these columns 
in 1911,* that a good part of the return bend of 
these superheater elements does no good, and 
might with advantage be abolished. ey also 
point to the desirability of keeping the steam in 
the hot zone as long as possible. In this particular 
boiler much higher superheat and a smaller pressure 
drop were secured by lengthening the elements 
1 ft. towards the fire-box and cutting out half the 
return bends. We shall doubtless before long see 
a considerable modification of the common ice 
of running the return bends right out into the 
smoke-box. Perhaps, also, in time, some other 
modification may be possible so that the risk of 
parting with heat from che highly superheated 
steam to the gases in the flues near the front end 
will also be avoided. 

Figures for exhaust-steam temperatures in these 
large engines show that often more than 80 deg. 
superheat may be found in the exhaust. That 
much of the heat thus going to waste is reclaimable 
is, we are glad to see, the subject of consideration 
on so important a system as the Pennsylvania Rail- 
road. On a line where every subject is so systemati- 
cally threshed out we may look for interesting 
developments in this direction. 





GENESIS AND ABSORPTION 
X RAYS. 


Since 1907 scientists have been looking forward 
to the series of six lectures, and to the one dis- 
course preceding the last of those lectures, which 
Sir J. J. Thomson, O.M., P.R.S., has been de- 
livering before Easter in the Royal Institution, as 
Professor of Natural Philosophy to that Institution. 
The discourse of Friday, April 14, by Sir Joseph 
on ‘*Genesis and Absorption of X Rays ” may 
said to fit into his six lectures on Radiation, the 
last of which we noticed in our issue of April 21, 
nent the problem from other points of view, 
and also to link on to the discourse on ‘‘ Slow 
Cathode Rays,” which he gave a year ago. 

Réntgen rays—which lem of capt autumn, 
by the way—Sir Joseph said in his discourse, 
were produced when cathode rays struck inst 
matter, and their nature differed when the velocity 
of the cathode rays and the nature of the matter 
were changed. X rays were only a particular kind of 
light, and the study of their genesis and absorption 
had a particular interest also in this connection. 
As — the emission of light, two cases might 
broadly be distinguished. The first was that of solid 
bodies becoming luminous like a lamp filament, 
whose light changed with the temperature ; it first 
ave out a red glow, then yellow, and finally white 
ight, and the length of the light waves emitted 
diminished continuously and without any jump— 
provided there were no chemical action—as the 
temperature rose. The second case, of gases or 
vapours, was altogether different ; sodium vapour 
gave no light until the temperature reached a 
certain value ; then the D lines flashed up, and 
when the temperature was further raised the 
D lines became more intense, but the wave-length 
of the radiation did not diminish until finall 
another spectrum made its appearance. To whic 
class did X rays belong? Again, as to absorption 
of light, two classes might be distinguished: a 
general absorption or weakening of the light, and a 
special absorption of specific kinds of light. The 
question of absorption looked very simple in text- 
books. When sodium vapour absorbed the sodium 
light which fell on it from a hotter sodium flame, 
and which it itself emitted, that was not merely a 
case of absorption; absorption involved some 
transformation of energy, not an uninterrupted 
train of regular waves. To exemplify his meaning, 
Sir Joseph showed a rod, several feet long, hori- 
zontally supported, which was axially moved to and 
fro; a number of pendulums of different lengths 
were suspended from the rod. When the move- 
ment was slow, the pendulums more or less 
moved with the rod; as the rod was speeded 
up, some of the pendulums became wildly 
jerky in their movements ; at still higher speeds 
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they oscillated quietly again. Further, in the 


B 
pendulum ABC (Fig. 1), a heavy ball B and 
a light ball C were attached to the same string, 
AB being longer than BC; this pendulum oa 
lated as a whole. 
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Then the string AB was shor- 
tened, A, B, being now shorter than B,C,; the 
two balls then ated in opposite directions. 
Such experiments had an important bearing on 
the consideration of the transmission of light at 
different periods ; there might be a range in which 
light was not transmitted. When the electric and 
etic forces acted in certain directions, at right 
angles to one another, the direction of the propa- 
gation of the light, at right angles to both these 
directions, was fixed. ut when these forces 
acted on a system which itself could produce 
ap electric force, then a field of the opposite direc- 
tion might be set up, the light would be sent back, 
and the substance would be impermeable or opaque 
to that light. Thus one understood that a on 


upon frequency; yet it might appear 





* See ENGINEERING, vol. xcii., page 277. 


sodium light—Sir Joseph pointed out that the 
curve was flat in the infra-red and red, rose to a 
peak in the yellow, and then fell off rapidly ; that 
meant that the absorption was the same for infra- 
red and red light, but increased enormously as 
the wave-length diminished in the yellow, and fel] 
off rapidly beyond the yellow. When the curves 
for several substances emitting light of different 
periods were combined, the resulting curves showed 
peaka joined by more or less flat portions, in which 
change of frequency did not affect the absorption, 
whilst near the peaks any change made a great 
difference. Showing Kaye's curve for the absorp- 
tion of Réntgen rays, Sir Joseph remarked that 
X rays exhibited these peculiarities of selective 
absorption in a striking way. The absorption in 
copper, ¢.g., decr in general as the rays 
became harder (of smaller wave-length) ; but when 
the rays became as penetrating as the characteristic 
rays of the absorbing medium (the K and L radia- 
tion of copper), the absorption increased radidly. 
The particular region of Réntgen radiation, Sir 
Joseph continued, that he was interested in was 
that lying between visible light and the medical 
rays (soto 8 ), the little-explored region to 
which he referred last year.* The difficulty 
about that region was that the waves were too 
short to be examined by the aid of gratings (useful 
for the study of visible light) and too long for 
making use of the spacings of the planes in which 
atoms were grouped in crystals (as in the X-ray 
study of crystal structure). He had thus either to 
determine the speeds of slow cathode rays, which, 
striking a target, would send out those long-wave 
Roéntgen rays, or to determine the absorption of 
these latter rays. He had first used the former 
method with the aid of Coolidge tubes, Mr. 
Coolidge having kindly sent him a series of 
tungsten spirals. These spirals were heated by 
the current of a strong battery, and then gave out 
electrons, to which the desired velocity was im- 
parted by the potential of the Coolidge tube. For 
this excitation by currents ranging from a few volts 
up to 5000 volts, he had first used storage cells, 
which were troublesome, however, and had then 
made use of one of the high-tension dynamos of 
Messrs. Evershed and Vignoles, which gave a con- 
stant voltage within 3 or 4 per cent. In the experi- 
ments the rays from a target passed down the neck 
of a glass vessel (silvered inside) to a second target, 
which emitted a radiation towards the silvered 
surface; that silver was charged up to a certain 
potential, however, to stop the rays. Now if the 
radiating body had been an ordinary solid (a fila- 
ment), the voltage to be applied to the silver would 
have had to be increased continuously as the wave- 
length of the arriving rays diminished. But ex- 
perimenting with rays from 12 volts up to about 
1200 volts, A had found that they were all stopped 
by 8 or 10 volts, so that these rays were hardly 
Réntgen rays, and, in fact, they would scarcely be 
beyond the visible range in the ultra-violet. 

'o demonstrate that such a constancy of light 
emission was ible also under other circumstances, 
Sir Joseph bombarded the shell of some common 
mussel in a bulb with rays of about 10,000 volts ; 
the shell gave out light, ordinary light, which 
hardly changed in appearance, when a little hydro- 

en was admitted into the bulb ; this was done by 
eating a closed small palladium tube attached to 
the bulb by the Bunsen flame, the hydrogen of 
which passed through the hot palladium. The 
greater part of the light energy was not in the high- 
frequency rays in this case, but rather in the visible 
and ultra-violet spectrum. 
Turning to the study of the absorption, Sir 
Joseph said that rays so nearly ultra-violet were very 
easily absorbed, and the exceedingly thin windows 
and films of celluloid [made by Mr. E. Everett, Sir 
Joseph’s assistant, as mentioned last year) had 
proved very useful in these experiments. The char- 
acter of the results had surprised him. Instead of 
observing a great increase of the penetrating power 
of the rays with increasing hardness of the rays, gold, 
eg., had given two ranges of constant absorption, 
separated by a sudden drop of absorption ; starting 
with 200 volts, the absorption was rather high, but 
constant up to a certain value, then dropped, and 
remained constant again for higher voltage. Under 
the same conditions aluminium gave a curve which 
dropped near 200 volts to a small, constant value, 
whilet for ordinary—i.e., much faster—X rays, 
aluminium showed a regular diminution in the ab- 








independent of frequ for certain ranges. 


Exhibiting various absorption curves—e.g., that of 


* See Encrnegnine, vol. xcix., page 384, April 2, 1915. 
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sorption with increasing frequency. In other 
experiments absorbers of aluminium or of carbon 
were used with rays from targets of quartz, copper, 
silver, carbon, lead, aluminium, at voltages ranging 
from 1500 to 4500; the absorption remained in 
most cases almost constant throughout. With the 
aluminium absorber it was, further, the same 
practically for the various substances, the coefficient 
being about 2, whilst with the carbon absorber 
there was a smail decrease of the absorption—from 
2.8 to 1.7 in the case of copper, e.g. There were 
certain fluctuations, however. That aluminium 
absorbed less and less of the rays at really high 
frequency was shown by an experiment with a 
Coolidge tube, whose volts were raised from 30,000 
to 100,000, and possibly to 200,000, which, of 
course, required special apparatus. Two screens, a 
very thin foil of tin and a piece of aluminium 2mm. 
in thickness, held between the tube and the phos- 
phorescent screen, finally became equally trans- 
parent, when the volts were raised sufficiently. In 
order to meet the objection that the influence of 
the secondary radiation from the windows had 
perhaps been predominant in his experiments with 
soft rays, Sir Joseph had changed the experimental 
conditions in various ways, and he then ascertained 
that the fluctuations above alluded to gave rise, 
with gold, silver, copper, aluminium and celluloid, 
to a decided drop in the absorption between 3000 
and 3500 volts. 

Another way of examining these peculiarities, Sir 
Joseph continued, was the following. In front of 
the window of a bulb containing some gas was 
hinged a plate of — The Roéntgen-ray apps- 
ratus was so placed that the rays could not enter 
the bulb, but the cathode rays which they excited 
in the my could enter (Fig. 2). The bulb was 
connected with a Zeleny electroscope. When soft 
rays struck the plate, no radiation entered, and the 
electroscope remained at rest; but when the rays 
were speeded up, to something like 100,000 volts 
in the experiment, the electroscope became rest- 
less. This electroscope, it will be remembered, 
consists of a vertical strip, in front of which a gold 
foil is suspended edgeways; the foil keeps on 
making small oscillations as long as the discharge 
continues, the rate of the oscillations depending 
upon the intensity of the current. 

Concluding, Sir Joseph Thomson remarked that 
the stress of time had not allowed him to make 
measurements of the wave-lengths corresponding to 
the characteristic frequencies and absorptions. But 
the questions he had put in his introduction could 
be answered in ageneral way. The Réntgen radia- 
tion corresponded to the case of the discontinuous 
line spectrum of a vapour. Until che cathode rays 
had a certain velocity there was no X-ray emission ; 
then rays of a certain wave-length appeared, and 
continued to be emitted as the volts were raised, 
until a-second radiation appeared together with 
the first ; with very swift rays then a third radiation 
came in, and so on. Only a small fraction of the 
energy went into the continuous spectrum. The 
cathode rays drove out electrons from the atoms, 
first the electrons near the surface ; at higher speeds 
the rays penetrated more deeply, and the inner elec- 
trons were knocked out. The resulting spectrum 
was due to the return of the electrons to the atoms, 
and was in the main a line spectrum, superimposed, 
however, ona continuous spectrum of small energy. 
The lines could be determined not only in the ordi- 
nary region of the a rays, but also in the 
gap between the ultra-violet and the X rays proper. 
Radiations stopped by the thinnest film a cellu- 


loid, less than cease mm. in thickness, or able to 


penetrate through stout glass walls, were all of 
the same nature finally. 





THE CRITICAL SPEEDS OF SHAFTS. 

Iv the interesting and valuable discussion to 
which Mr. W. Kerr's paper on ‘‘The Whirling 
Speeds of Loaded Shafts,” recently published 
in our columns, has given rise, one point has, 
perhaps, failed to attract the attention it de- 
served. It appears to have been tacitly assumed 
throughout that the critical rate of revolution is 
independent of the deflection of the shaft. This 
assumption seems hardly justified, as to a first 
4pproximation it is the moment of momentum, 
rather than the rate of revolution, which remains 
constant when the shaft ins to vibrate. The 
following way of regarding this matter may be of 
interest. Let N, be the critical speed as deter- 





mined in the usual way, and let N be the a. 
speed of the shaft. Then if the shaft be distur 
whilst running, the rate at which it will tend to 
vibrate is.given by the relation 

1.2 = N° — N2 
This formula corresponds to that given by Professor 


Morley, e 287 ante, but we have introduced the 
word ‘*‘ tend” advisedly. If 


N = Nc. we get n = 0, 
which isa known result. Similarly, if 
N=0,n=N,, 


another known result. Suppose, however, 
we = Ne, 
2 
Then we have 
= N, = N2, 
2 


so that the frequency at which the shaft tends to 
vibrate is the same as the rate of revolution. Since 
a circular motion can be resolved into two trans- 
verse motions at right angles to one another, a 
resonance effect is certain to occur, and were there 
not some controlling factor, exceedingly dangerous 
vibrations should ensue at a 
of the critical speed as calculated in the usual 


way. 

The centre of gravity of the rotating shaft 
would, in fact, describe a very elongated ellipse, 
the major axis of which would grow greater and 
greater at each succeeding revolution. It was just 
about at this ratio of the usual critical speed that 
the vibrations noted by Mr. Kerr occurred, and 
many builders of turbines have also noted serious 
disturbance at about this proportion of the true 
critical speed. That the vibration at this speed 
is in general relatively moderate shows that some 
damping factor must be at work, and we would 
suggest that the reason why the vibrations do not 
usually become actually alarming at this s 
lies in the circumstance that the rotating wheel 
tends to preserve unaltered its angular momen- 
tum. Hence, if the vibration increases, the value 
of N automatically diminishes, and thus becomes 
less than the frequency of the revolving shaft. 
When, however, the wheel is very light, and is 
coupled up to a heavy rotor, the value of N may 
alter little with considerable variations in the 
deflection, and the vibration may be serious. It 
is reported that there was considerable difficulty in 
securing steady running with the 3000-horse-power 
single-stage steam-turbine erected at the Moabit 
station, Berlin, some twelve or thirteen years ago. 
This had a very light wheel coupled to a heavy 
rotor, and it seems possible that the cause of the 
trouble experienced was as indicated in the preced- 


in h. 

The Galenty of a revolving mass to retain 
unaltered its angular momentum would also seem 
to have a bearing on what occurs at the whirl- 
ing speed as given by the usual formula. At 
this speed the value of n is zero; the shaft there- 
fore shou!d not vibrate at all if N remained truly 
constant, but the deflection should steadily increase 
until fracture occurred. What actually happens 
would appear to be that as the shaft begins to take 
a large deflection, N automatically falls below the 
critical value, so as to maintain the constancy of 
the angular momentum. The deflection diminishes 
accordingly, to again increase as N rises again to 
the critical value. A vibration is then established 
in conditions in which the theory as usually set 
forth would seem to show that there should be none. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 371.) 
Tue Russo Roiitne Tank. 

On the afternoon of Thursday, the 13th inst., 
the proceedings were opened by a cinematograph 
demonstration of the Russo rolling tank. > 
attempting to make rolling experiments on models 
a difficulty arises from the fact that waves are 
reflected from the fixed ends of any tank used. 
The consequent interference of the direct and 
reflected waves makes the conditions of the surface 
in no way representative of deep-sea wave motions. 
The idea on which the tank devised by Colonel 
oe R.I.N., is based may be explained as 
ollows: 


equal to 0.71} P® 
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Sup’ a very flexible sheet to be suspended 
vertically in still water. If a wave motion arises, 


this vertical sheet will be ss - the wave 
passes, oscillating to and fro, and interfering in no 
way with the pro tion of the wave. This is the 
principle on which the Russo tank is based. The 
tank sides and ends are made of india-rubber, and 
by suitable mechanism a deformation is impressed 
on them, which is exactly the same as would be 
suffered by the hypothetical flexible sheet above 
referred to. The result is that the surface of the 
water re uces exactly the motion of deep-sea 
waves. Tests of models can therefore be e in 
conditions in every way comparable with those 
experienced by the equivalent full-sized ship in 
the open sea. 
At the conclusion of the demonstration, Sir John 
H. Biles said that he thought that the tank described 
itself by the motion eee ae go reproduced even 
more ably than the author done in his — 
Mr. A. Cannon, in discussing the results, said that 
the motion of the water in the tank demonstrated 
the soundness of the theory of trochoidal waves. 
By the correct phasing of the ends there was no 
reflex action giving rise to interferences such as 
occurred with solid-ended tanks. In other attempts 
to reproduce wave motion, as with the navi- 
ndulum, with which he had worked at Glasgow, 
it was difficult to eliminate undesirable conditions, 
although with a modified form of the instrument he 
had succeeded in reducing the resistances sothat they 
were comparable with that ae to rolling 
in smooth water. All these difficulties were ob- 
viated by the Russo tank, which automatically 
reproduced the true natural conditions of wave 
ro tion. This was a great advance, as hitherto 
is experience had been that 99 per cent. of the 
total time spent on a research was expended in 
getting ready and about 1 per cent. in getting out 
the actual figures. He looked forward accordingly 
with great interest to the results which would be 
obtained with the new tank. 


Tre ‘* Empress or [rRetanp ” CoLuision. 


A paper entitled ‘‘ Notes from a Collision Investi- 
gation,’ by Mr. John Reid, was, in the absence of 
the author, read by the Secretary. 
duced on page 387 of our last issue. 

The discussion was opened by Colonel Saxton 
White, who said he did not propose to criticise the 
author’s views. The paper was, he believed, the 
first brought before the Institution discussing the 
results of a collision. Everyone must regret that 
the Empress of Ireland had not proved the ar 
of the two vessels at the point of impact. e 
questioned, however, whether any form of con- 
struction would have made it possible to resist 
such a blow successfully. According to the 
author, the Sterstad struck the other vessel at 
an angle which, at the upper deck, lay between 
40 deg. and 45 deg., whilst at the bottom of 
the stem it was not more than 35 deg. The 
dead weight of the colliding vessel was 14,000 to 
15,000 tons, and the result must have been a fore- 
gone conclusion. Unfortunately, moreover, the 
striking ship was specially well adapted to act as 
a ram, being built on the Isherwood system of 
lengfietiedl feansing. The author had stated that 
these frames were 24 in. apart; actually, however, 
they were much closer, being only 15 in. to 18 in, 
apart. The bew had, moreover, been specially 
strengthened for working in ice. Hence all factors 
were in favour of the striking ship. Looking at 
the section of the Empress of Ireland, it would 
be evident = the — _ by - Storstad 
in ing through the side required no ve 

effort. The ship was hit between we 
rames, 16 ft. away from the nearest bulkhead. 
There was thus little to resist the cutting-in, 
except the decks; which, as it chanced, came very 
much in the same line as the corresponding decks 
of the Storstad. They were accordingly able to 
play a very important part in increasing the resist- 
ance of the stricken vessel. Whether the latter 
could have put up a Better fight for it had she been 
built on the same system as the Storstad he could 
not say, but was inclined to think that she would 
probably have done better. The Storstad was the 
first of two vessels built by the speaker's firm on 
the Isherwood system, and he had had sent tohim a 
model showing the damage done by the collision. 
Although this vessel of 14,000 to 15,000 tons was 
brought up standing, the deformation suffered did 
not extend back more than 8 ft. to 10 ft. from 


It was repro- 





the stem. On the North Gvast they saw all 
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sorts of national flags painted on neutral ships with 
the object of inducing belligerents to keep away. 
In view of the strength of the Isherwood system, a 
similar notification to other ships to keep clear 
might be of service to other vessels. From a naval 
architect’s point of view the collision afforded a 
signal example of the strength of the longitudinal 
system of framing, and in newer vessels this was 
being made still heavier. 

Mr. Hillyer, who followed, said he had been 
present at the inquiry, and had heard the whole 
of the evidence, including that given by the author 
of the paper. Mr. Reid had endeavoured to 
‘*reconstruct the crime,” and to determine from 
this the circumstances of the collision. To the 
speaker’s mind, however, the conclusions arrived 
at were fantastic and unnecessarily complicated. 
The hypothesis of a direct blow was put aside 
because the author asserted that the Empress of 
Ireland was not stationary at the moment of the 
collision. This assertion was not confirmed by the 
judgment of Lord Mersey and the assessors who 
investigated the case. Captain Kendall’s evidence 
was that the Empress was stop dead, and did 
not contribute to the force of the blow by her own 
motion. The Court merely held that he might 
possibly have been mistaken in believing that all way 
was off. This left the matter very doubtful, and did 
not justify the positive assertion made by the author. 
The latter’s eae required that the engine-room 
bulkhead was not damaged. The engineers, however, 
testified that water was pouring through the bunker 
doors full bore within 20 seconds. r. Reid was 
asked in the court whether this direct evidence 
could be reconciled with his theories, and said 
‘**No.” The speaker was accordingly i 
surprised at his again bringing forward his theories 
after this direct admission that they did not agree 
with the facts sworn in evidence. The theories 
were not accepted by Lord Mersey after considera- 
tion of all the evidence. 

Sir John H. Biles said that in general it was not 
advisable to re-argue a case already decided in a 
court of law. Mr. Reid’s paper would accordingly 
have been inadmissible were it not that he had 
brought forward some points not generally known. 
In any case the explanation of the manner in 
which he had made his case was interesting. This 
he had done from circumstantial evidence derived 
from a study of the condition of the one ship which 
had remained afloat. Such evidence was necessarily 
one-sided. In cases of collision, he would add, too 
much weight must not be given to observations 
made in previous cases. Each, in fact, stood by 
itself, at a conclusion right in nine cases might be 
wrong in the tenth. Colonel Saxon White’s sugges- 
tion that other ships should keep clear of those 
built on the Isherwood system was interesting. 
There was, however, another ible alternative— 
viz., that the construction of boats so eminently 
adapted for ramming should not be allowed. Never- 
theless we did learn from Colonel Saxon White 
that there was a gain in distributing frames longi- 
tudinally in place of transversely, as with a boat 
thus built the material was better distributed 
should she be hit. Even with this additional 
strength, however, he doubted whether many ships 
could survive such a blow as had sunk the Empress 
of Ireland. 

Surpyarp Cranes. 

A very important and instructive paper on ‘‘Ship- 
yard Cranes of the Rotterdam Dockyard Company,” 
by Mr. M. G. de Gelder, was read by Mr. W. J. Luke 
in the absence of the author. 

In this paper, which we shall reprint in full in a 
later issue, the author described the lay-out of the 
yard of the Rotterdam Dockyard Company, which, 
ante enter merely as a repairing yard in 
1902, now a greater output of tonnage than 
any other yard in Holland. Originally the ordi- 
nary derrick masts, fitted with electric winches, 
were used for hoisting material, wire-rope switch- 
backs being used for its transport. e capital 
cost was low, but as the size of the steamers 
built was constantly growing, quicker handling of 
material was n in order to obtain a 
output with the limited number of hands available. 
Tne author designed a combination of travelling 
tower cantilever crane with a gantry between the 
berths, which has proved most satisfactory. The 
cranes can lift 3 tons at 72 ft. from the centre and 
74 tons at 29 ft. 6in. radius. Anam meter in the 


attendant’s cabin shows directly whether the weight 
being lifted is too great for the radius. The cranes 





are designed to continue at work in all weathers in 
which the wind is not strong enough to uce 
dangerous swinging of the material hoisted. The 
complete equipment for two berths capable of build- 
ing 6000-ton steamers cost 5750/. An immense 
saving of time has resulted from the adoption of the 
cranes, amounting to one month out of the five 
formerly taken for building a 6000-ton steamer. 
Although the piece-work rates for riveting were not 
changed, the cost was reduced on account of the 
fact that the cranes allowed — of bulkheads, 
girders, &c., to be riveted up hydraulically on the 
ground before being lifted into place. 

Mr. Luke also opened the discussion. He said 
that it was one of the most interesting papers the 
Institution had had. He found that he had himself 
reached a stage in which he was not interested in 
x and y papers, nor in calculations, nor in the 
design of ships, but in the building of ships. The 
author had told them frankly what in his view was 
the best lay-out for a shipyard, and this view he 
had backed by the investment of his capital. It 
was an eye-opener to learn that the time of con- 
structing a ship had been reduced from five months 
to four, and apparently without much effort. 
Another point was that these works, started in 
1902, were now putting out more tonnage than any 
other in Holland. We would have to look to our 
laurels. The paper was most interesting and most 
valuable. The plan described was particularly 
applicable to a square yard, where one gantry could 
serve two berths. For diverging berths it was not 
quite so satisfactory. In one respect the use of 
cranes was perhaps less advantageous than the 
derrick system. When once laid down the crane 
system was fixed for all time, whilst derrick-poles 
could be readily shifted as occasion required. 

Mr. Miller, who followed, said he had had the 
pleasure of seeing the cranes whilst in course of 
erection. Holland, being a very flat country, lent 
itself well to this system. The vessels were built 
on high blocks. The plan described did not lend 
itself so well to cases in which launching at an angle 
was necessary. We were accustomed to our- 
selves as pioneers in all shipbuilding matters, but 
in reality we were far astern. It was not possible 
here to do in the time the work recorded in the 
paper as being done in eighteen days, and many 
changes would be necessary to make the feat = 
sible. The system adopted was of the simplest. 
There was neither a moulding-loft nor a plate- 
furnace at the site, but every shell-plate and frame 
arrived ready to go up into place. The De Gelder 
yard was an eye-opener in showing how quickly 
work could be done in a free country with free 
labour. His four visits to the yard made him feel 
that he knew nothing about shipbuilding, although 
he had been a shipbuilder for 35 years. 

The meeting closed after the customary votes of 
thanks to the Society of Arte for the use of their 
rooms and to the President for his services in the 
chair. 








THE LATE ERASMUS DARWIN 
LEAVITT. 

As announced in our paragraph on page 376 ante, 
and also in our report of the proceedings of the 
Institution of Mechanical Engineers at the general 
meeting held on the 14th inst. (see page 382 ante), 
Mr. Erasmus Darwin Leavitt, the eminent American 
engineer, died at Oambridge, Massachusetts, on 
March 11 last. Mr. Leavitt was born at Lowell, 
Mass., in October, 1836, and received his education 
at the public school of his native place. At the 
age of sixteen he was apprenticed at the Lowell 
machine-shop, where he remained for three years, 
serving afterwards one year with Messrs. Corliss 
and Nighti e. He then served as assistant 
foreman at the City Point Works, South Boston, 
where among his ae duties he had charge of the 
construction of the engines of the United States 
flag-ship Hartford. For two years, from 1859 to 
1861, he acted as head draughtsman with Messrs. 
Thurston, Gardner and Co., Providence, R.I., a 

3t which he left in the latter year to enter the 

nited States Navy, where he remained until 
1867, serving during the Civil War. A part of his 
service with the Navy was spent in constructive 
work and as an instructor in steam engineering at 
the Naval Academy, Annapolis. 

On leaving the Navy in 1867, Mr. Leavitt 
established a private consulting mechanical engi- 
neering practice, and, two years later, a simple 
condensing engine, haying a steamboat walking 








beam and cam valve-gear which he designed, was 
built by Messrs. Harrison Loring, City Point 
Works, Boston, for the vk tag Cordage Com- 

ny. He remained consulting engineer for this 

tter company until he was compelled to resign, 
a@ short time ago, owing to ill-health. Among 
the installations designed by Mr. Leavitt, we 
may mention the pumping-engines at Lynn, Mass., 
which established his reputation as an = =] 
and similar engines for the Lawrence, Maszs., 
Water Works. In 1874 he was appointed con- 
sulting and mechanical engineer of the Calumet 
and Hecla Mining Company, a position which he 
held for a period of thirty years. In this latter 
capacity he designed a large number of pumping- 
engines, air-compregsors, and other plant. e 
improved the company’s steam stamps, ensuring 
thereby more rapid work and an important saving. 

In 1881 and 1882 (see vol. xxxii., pages 163, 
166, and 184 ; and vol. xxxiii., pages 290 and 291) 
we gave illustrated descriptions of some of the 
engines designed by Mr. Leavitt for the Calumet 
and Hecla Mining Company, one of these being a 
com d hoisting- engine, constructed. by the 
I. P. Morris Company, Philadelphia. This par- 
ticular engine was the fourth of a series designed 
ty Mr. Leavitt and built by the same company. 

he first was built in 1874 and the second in 1876, 
both being used for pumping work. The third, 
a in 1877, operated four hoisting-drums. 
In designing the fourth engine the economical 
advantages of high pressure and high piston speed 
were carefully taken into consideration ; 135 lb. per 
sq. in. was adopted for the former and 720 ft. per 
minute for the latter. Mr. Leavitt was among the 
first engineers to adopt a high steam pressure for 
stationary engines, and up to the year 1886 he 
worked to that of 135 lb. as a standard. In that 
year, however, he started the design of triple- 
expansion engines on the basis of a pressure of 
185 lb. per sq. in., and built a large number of 
these engines also. 

Mr. Leavitt also acted for many years as con- 
sulting engineer for Messrs. Henry R. Worthington, 
the Bethlehem Steel Company, and the Dickson 
Manufacturing Company, for whom he designed 
pompmocngiee for various duties, including the 
operation of forging-presses. He designed the 
first engines used for the cable railway of the 
Brooklyn wag a complete engine and machinery 

lant for the Callao Mining Company, Venezuela ; 
a pumping engines for the City of Boston 
sewage, for the Louisville Water Works, and the 
water works of other American cities. 

Mr. Leavitt wag one of the founders of the 
American Society of‘Mechanical Engineers (1880), 
acting as Vice-President in 1881-82, and as Presi- 
dent in 1883. He was made an honorary member 
of that institution in January, 1915. He received, 
in 1884, the degree of Doctor of Engineering from 
the Stevens Institute of Technology. He became 
a member of our Institution of Mechanical Engi- 
neers in 1883, and was made an honorary member 
of that body on February 18 last. Until quite 
recently he was also a member of the Institution 
of Civil Engineers, having been elected in 1886. 
He was also a member of numerous other American 
and British societies and institutions. Through- 
out his career he was an earnest advocate for 
advanced practice, and he undoubtedly exercised 
a very strong influence on the development of 
steam engineering in America. 





NOTE. 
Preparinc Pure Iron anp Iron ALLoys. 

In recognition of the fact that most, if not all, of 
the determinations of the iron-carbon diagram were 
not made with materials which could fairly be called 

ure to start with, and that the operations intro- 
wats further impurities into the iron, the Bureau 
of Standards has recently studied the preparation of 
pure iron and its alloys, and has met with quite the 
expected amount of difficulties. An account of the 
research so far carried out by J. R. Cain, E. 
Schramm and H. E. Cleaves, which gave an iron of 
99.96 per cent., and carbon alloys of corresponding 
purity, has a ‘d in the March issue of the 
Journal of Industrial and Engineering Chemistry. 
The iron was p electrolytically by dissolving 
anodes of an ingot iron (0.016 per cent. of C, 0.022 S, 
0.001 P, 0.029 Mn, 0.002 Si, 0.15 Cu) in hydro- 
chloric acid to form a 23 per cent. solution of FeCl; 
the anodes were placed in porous clay cups, which 
were later, in the electrolytic tank substituted for 
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single cells, replaced by a cement of alundum and 
Ottawa sand. The air was excluded during the 
electrolysis ; but a slight oxidation, rendering the 
solution turbid, could not be prevented, and when 
a carbon dioxide atmosphere was used, carbon 
entered into the iron. Anyhow, good iron de- 
its more than 7 mm. in thickness could not 
obtained, and the iron contained hydrogen 
and some chloride, and was hard, brittle, and 
liable to rapid rusting; all these troubles are 
well known. Heated to 600 deg. or 800 deg. 
Cent. the iron lost its hydrogen and did not rust 
so much ; it contained up to 0.035 per cent. of im- 
_— (about 0.004 C. 0.006 Si, as much S and 
, and. 0.01 of nickel and cobalt ther). But 
the 15 kg. of electrolytic iron had to be fused, and 
it proved exceedingly difficult to avoid contamina- 
tion by gases and by contact with the furnace and 
crucible materials. These difficulties, it must be 
understood, are much ter in the laboratory 
than in practice. The fusion was effected in gas 
furnaces, Arsem vacuum and Helberger 
(both electric) and electric granulated resistor fur- 
naces. The crucibles were another source of great 
trouble. Clay crucibles were quite useless in gas- 
furnaces, as iron oxide and slag were formed ; alun- 
dum furnaces did not prove much better in this 
respect, and silicon was introduced into the iron 
even in the reducing atmosphere of the electric fur- 
naces. Commercially pure magnesia was not free 
from silica either. Finally, a Grecian magnesite 
(3.5 per cent. of silica) was dissolved in acetic acid— 
dissolution in hydrochloric acid and precipitation 
with ammonium carbonate failed—the solution 
siphoned off, evaporated, and the dry salt caleined 
by letting the flame of a Teclu burner play upon 
it; this treatment introduced some carbon, and 
left a little iron in it; but the subsequent calcina- 
tion at about 1600 deg. Cent. in a furnace 
was satisfactory. For this purpose balls of mag- 
nesia, moistened with water, were placed in plum- 
bago crucibles lined with alundum or Acheson 
graphite; air had to be blown through the 
covered furnace after shutting off the lest 
sulphur be taken up by the magnesia. Crucibles 
were made out of this magnesia (0.025 per 
cent. of SiO,) under a pressure of 5000 lb. or 
10,000 lb. per sq. in.; though = had generally to 
be broken to remove the iron or alloy fused in them, 
they seemed to be the best crucible available. The 
— of about 100 mmes, were full of blow- 
holes even in the ucing atmosphere (of CO). 
To obtain sound ingots and to ensure that a 
definite quantity of carbon was taken up, the 
ingots were hence cut up with the saw, and 
the small lumps, mixed with the required carbon, 
remelted in the Arsem furnace at a pressure of 
0.2 mm., the operation being watched through the 
window. As silicon, it was found that a 
a above 1600 deg. Cent. greatly favours 
its absorption by the iron. Manganese and phos- 
phorus, and, with due precaution, sulphur, caused 
no trouble. About 0.605 per cent. of copper and 
the original 0.01 per cent. of nickel and cobalt 
(together) sundaed tn the iron. Magnesium was 
not found in the final iron, except in one case 
when the temperature of the magnesia crucible had 
exceeded 1700 deg. Cent. Oxygen was not alto- 
gether absent, but suitable analyses could not be 
made at the Bureau. In one instance J. A. 
Aupperle found 0.03 per cent. of oxygen. The 
spectroscopic tests conducted by K. Burns con- 
firmed the analytical results. 





THE DEVELOPMENT OF THE MILITARY 
AEROPLANE. 
a : To eB EpIvoR OF a so 
Sr,— b to of work, ve 
been unable to aitee on earlier date to the letter of 


It may be admitted that 
ient of resistance of minimum 
ae 
ifference, to 
2 very small. For example, if for some stated 
flight velocity the best possible for a 10-ton machine were 
a4 per cent. resistance coefficient, the best result possible 
for a 1-ton machine, or even for a $-ten machine, would be 
considerably under 5 per cent. say considerably under 
advisedly, for I believe the difference would not be 
measu by any known means. My own 1894 model 
ty span, 1}-Ib. lift) has shown a coefficient slightly 

than 6 per cent. as tested, and other models of more 
usual aspect ratio have shown nearly as good a figure. 
Now the graph giving the best gliding angle in terms 


of velocity is theoretically of the form given in Fig. 1, 
and in practice, though differing somewhat from this 
form, it is of the same character, so that the velocit 
of any given aerofoil may considerably arou 
the minimum without measurably affecting the ams 

Conversely, the loadi on sn serofoil may 
vary considerably in the neighbourhood of ite value 
of least resistance without measurably affecting the 
resistance coefficient. In other words, two different 
loadings may give graphs 1 and 2 in the figure, or other 
different loadings anywhere between 1 and 2, and at 
velocity = V, which we will take to be our standard 
velocity, their resistance coefficients will be measurably 
the same. The result of this is that any two experi- 
mental io may be designed, both giving (within the 
limits of measurement) equally good gliding angles, and, 
Fig.7. 
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in fact, giving (within the limits of measurement) the 
least possible gliding angle, and yet they may differ 
widely as to loading. Hence for any individual experi- 
ments conducted within narrow limits of size, say in the 
ratio of 10 to 1 or less, it would be easy to obtain a totally 
wrong law of variation, and any conclusions based on 
the performance of successful gliding models (within a 
moderate variation of weight), unless the investigation is 
very thorough and rigorous, will be open to suspicion, and 
may be very wide of the truth ; such determinations 
ey cannot form the basis of sound and logical de- 
uction. 

I contend that the experiments on which Mr. Weiss 
bases his 2 are founded on such a fallacy. With 
@ narrow field of observation—i.c., moderate weight 
py graphs > plottec. - 

y own experiments an ta comprise a very wide 
field of observation. The smallest model on which I have 
experimented, or from which I have data, is one of only 
1 grain in weight, the largest an actual full-scale machine. 
I admit the said smallest model was not made the basis 
of many trials or experiments, so I will take as my 
smallest properly investigated model that of ‘“‘one- 
ae gramme wee vee ii., “* Aerial Flight) 

e total range of weight thus compassed is, roughly, 

1 to 4,000,000, and there are numerous confirmatory 
between these two limits, including models of 

4 grammes, 12 grammes, 14 Ib. In addition to these 
checks there is a mass of matter in the reports of the 
Advisory Committee for Aeronautics, which also may be 
necluded in the sum and total of evidence. On the whole 
these cases are found to conform closely to the law that if 
s be the span in feet, and V the velocity in feet per second, 


the expression aah = Wis never far from the truth 


where W = the weight sustained in pounds under the con- 
ditions of least resistance. This expression may be other- 
wise ted by saying that if the span be taken in 
units of 10 ft., and the velocity in units of 10 ft. per second, 
the weight sustai in pounds under the conditions of 
least gliding is always in the region of s* x V®. 


Thus, ing to this equation, >» An uarter- 
gramme” model should have weighed 0. . Ite 
actual weight was 0.00054 lb. Applying this to a mono- 


of ft. span and 90 fb. second, we have 
Boo Tb, as the calculated load, which acbeudé closely with 
experience. Actually such a full-size machine should 
of wing Aeighhs the Seliger thneld mamsibes & talaahe 
of wing-weight, the designer should sacrifice a minu 
difference in aerofoil resistance in order to save undue 
aerofoil weight; this in accordance with the well-known 
principles. (Set forth in vol. i. of my “* Aerial =. 
oe eS a! The equivalent of a 50-fp. 
monoplane would be a bi of about 40-ft. . 
This corresponds roughly to the BE 20. machine of the 
— Aircraft Factory, in which the official gross weight 
is ightly under 1 ton. 

I think that the foregoing facts are more than suffi- 
cient to refute Mr. Weiss’s contention that the load-span 
law given by me is incorrect. If any further evidence 
is required, I would refer Mr. Weiss to the mass of work 
which has been done at the National Physical Labora- 
tory at the instance of the Advisory | mittee for 
Aeronautics in model aerofoil determinations, and which 
has been applied to full scale construction. For a given 
aspect ratio, the ow ey be aS that 
the pressure per square foot appropriate to least gliding 
(as concerns the serofoil) is constant for a given velo- 
city, and this is as set forth on the basis of theoretical 
investigation in my “* Aerodynamics,”’+ and tabulated in 
§§ 185 and 186. ‘ s 

Finally, I will return to the details of Mr. Weiss’s 
objection. Mr. Weiss states that the law of proportion 
which I have given above, and which is to-day regarded 





” 1915, Institution of Aero- 





¢ “Two Pa 
+ “ Aerial Flight,” vol. i. Constable and Co., 1907. 





as generally established by experiment, is not in accord- 
ance with fact. He says that anyone who has any ex- 
perience with gliders knows that a 5-ft. model, weighing 
31 Ib., glides 7 aoe like a brick. Now, according to 
the expression I ve given, a model of 5-ft. span to carry 
31 Ib. in the region of its least gliding angle would require 
a velocity of ft. per second, say, 80 miles an hour ; if 
a biplane, for the same span, about 60 miles an hour. 
These are the same velocities as would have to be flown 
by a model of 40 ft. span and 2000 Ib. weight, according 
» whether of —— or biplane — a ae 
gure is, in the approximate figure, weight 
velocity, of the BE 20 machine. If Mr. Weiss will make 
a model such as he suggests, and launch it by a catapult 
at the flight velocity stated, he will find there is nothi 
ing the falling of a brick in its behaviour. 
to the letter si 


under a nom de plume myself, and I feel that Iam entitled 
to decline a dence with a person so disguised. I 
ver, that the remarks of neg oe 
eroplane ee ” are mainly 
ed upon his own rather distorted interpretation of my 
article. I think I ean, perhaps, make the position clearer, 
and meet one of the objections which your - 
dent raises by pointing out that the theory of 
weight as given in my article only applies so long as 
the seoumed premises are not violated. If, for example, 
some alteration be made in the method of construction 
of the aeroplane or wing members, or in the distribution 
of the load, the result will inevitably be that the curve of 
wing weight will have a different constant, and thus if 
Nee ae of Seay te —— 
are a esigner in Jaying out a diagram su 
as Figs. 3, 4 or 5 in the original a title will have the choice 
of a number of different curves, A, B, ©, &., as sug- 
gested in Fig. 2, below. Usually, as a matter of engineer 


Fig. 2. 
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ing practice, each type of construction will have limits to 
its applicability, just as in being construction a plank 
may be used and is appropriate for crossing a stream, a 
trussed girder for carrying a railway over a roadway or 
river span, and a cantilever construction for an est 
such as is spanned by the Forth Bridge. The rough-and- 
ready rule given by me both in Land and Water and in 
the article in your issue of March 3—namely, that in the 
design of a machine, whatever kind of aerofoil be adopted, 
the wing structure should not weigh more than twice the 
military load—applies, however, equally for any of these 
curves. Thus, if the designer, his skill in distri- 
buting weight or in employing material, can reduce hi 
wing weight, the size of the machine which may be 
designed for the given military load immediately goes 
up automatically to a higher figure. 

I will quote and answer one sample criticism of your 
anonymous dent. He says:—‘* Were this 
dictum accepted” (concerning load ene 

y be an 
smallest 











of flight), ‘‘ there would practicall to progress 
in tik direction.” There is not the ground 
my articles quoted for any such assertion. I should be the 
last to attempt to ——- progress (or legitimate effort to 
progress) in any branch of ineering ; I b - 
ever, from experience that the thing which is most fatal 
to true is _ill-consid or premature develop- 
ment without a sufficient attention to the underlying 
— ; metaphorically speaking, the building of o 

eavy structure on an insufficient foundation : the collapse 
of the superstructure may delay progress for decades. 


I remain, yours truly, 
April 16, 1916. v. Ww. Lavounsren. 





THE FUTURE OF SHIP PROPULSION : 
REDUCTION GEARS. 
To THe Epitor or ENGINEERING. 
Sirn,—Mr. Dornan’s paper on ship 
deserves the extended notice you gave it in your excellent 
editorial of F 3, I toon that many naval 
will thereby be led to study Pn ish to 


ion well 
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NEERING, of September 17, 1909, page 377, where the 
principal function of the floating frame is set forth, errors 
of tooth-cutting are not once referred to. In an extended 
article on “‘ uction Gears” which I have written, and 
which I hope will soon ap in ENGINEERING, I treat 
this quection at some | , and show that by no a 
ticable mechanical device can we hope nearly to annul the 
effect of such errors. No doubt the freedom of the float- 
ing frame eases up the induced stresses somewhat, and 
this is clearly indicated by the decreased noise of oe. 
frame over rigid- gears, especially near full ; 
but though this was anticipated, it was not the object of 
the invention. The teeth must be cut with almost perfect 
acouracy. A high-class erpenting machine will do 
this, and the minute residual errors tend to disappear 
during the working of the gear if it is never ov . 
The object of the floating frame was to annul the effect 
of errors of alignment of pinion and gear axes. Thi 
is the insu ble difficulty with gears having rigid 
bearings. Calculation of the great rigidity of the teeth 
readily shows that, even in large gears, an error of align- 
ment of yy in. will lead to serious reduction of the 
length of tooth ae ay and, consequently, to more 
than proportionate rise of the maximum stresses, as the 
intensity of pressure at the reduced contacts is now 
very unevenly distributed. Even if properly set at first, 
sensible errors of alignment are sure to occur in the life 
of the gear, from various causes. As shown in the two 
articles above referred to, this difficulty is entirely 
avoided by the introduction of the floating frame, since 
no sensible disturbance of the tooth pressures is induced 
by misalignment within limits of errors of alignment 
which should ever occur in practice. ; 
The variable load on the gear also introduces a variable 
torsional yield of the pinion, with corresponding errors 
in the helical angles of the gears. These errors are not 
unimportant. Ib is shown in the paper to which I have 
referred above that the floating frame corrects from 
one-half to two-thirds of this error; and also that it 
has some advantage over the rigid-bearing w 
the helices are - _—— that A—¥ torsi nord tem- 
rature errors © pinion y compensate one 
Soother. ee Npinal a i — were not a 
in making the origi i t came as a pleasant 
surprise on studying it carefully. 

t these valuable functions are performed I can show 
from data of — and floating-frame gears. The 
latter bear, in daily operation and with perfect on, ab 
least twice the load at which, as published data show, 
rigid-bearing gears are usually run. The pinions of the 
United States collier Neptune on her urance— 
bore an av pressure more than 30 per cent. higher 
still—tbat is, not far from three times the usual operating 
load of rigid-bearing gears. Since we can thus maintain 
perfect tooth contact with certainty under all circum. 

t 3, there is i d safety, and a much lighter and 
more compact gear can be fitted ; or, for the same weight, 
the ratio of reduction can be raised. 

Tam, Sir, yours truly, 
Joun H. Macatpine. 
5845, Phillips-avenue, Pittsburg, Pa., U.S.A. 
March 22, 1916. 








**ON THE WHIRLING SPEEDS OF LOADED 
SHAFTS.” 
To THe Eprror or ENGINEERING. 

Sin,—Mr. Kerr, in his recent discussion of the above 
matter, bids us to revise our ideas on the subject as far as 
concerns horizontal shafts. Close investigation, how- 
ever, does not appear to substantiate the claim made, 
for whilst there is some tendency to oscillation arisi: 
from gravity, its effect is altogether negligible in ti 


cases, and, moreover, its critical speed is not that sug- |; 


gested by Mr. Kerr. : ; 

Taking the simplest case, that of a single disc of mass 
M ab the centre of a light shaft, let B, in the figure, be 
the line of bearings, which is assumed bo be also the centre 
of the shaft when unstrained ; let O be the centre of the 
shaft at rest, so that O B (= ¢) is the sag due to the weight 
of the disc ; let S be the centre of the shaft in 
and G the centre of gravity of the disc; let SG=a,a 
constant, OG =r, BS =s; let the angle between OG 
and the vertical B O be @, and that between SG and BO 





(4724) 





@; let k be the radius of gyration of the disc. The elastic 
force is. proportional to s, and in the direction SB; its 
value may be written Ms, where 2 is an angular velo- 
city, being, in fact, the ordinary critical speed of the 
shaft. The value of s is given by :— 
# =o? + 72 + a? —- 2arcos(? — o) + 
2ac cos @ ° 


2ecr cos 0 — 
‘ 4 
The sag is given by :— 


The kinetic energy is given by :— 


T= U(r + rie + a2get (3) 


The potential energy is given by :— 
y_ Moe 


a? — Mgr cos 0 


_$ MH; 
oa | 


The equations of motion are accordingly :— 
r —- r+ ©®[r — acos(@-¢)]=0 
r6 +270 + Masin (0-9) =0. 

Po — Marsin(6-¢)+Wacsing=0 . (7) 


The appropriate a ximate solution of these equa- 
tions when the cmanln velocity of the shaft is w is as 
follows (neglecting the complementary function) :— 





c? + r2 + u2 — 2arcos (6 — ¢)-—2Zacco- o} (4) 


(5) 
(6) 


m@ ac {[F-—w? 
eee a 1+2 oe cos wt 8 
. aw ¥ @-4a | a 
b= wt + Ao (Mw) (P-2 0%) . 
ee fer (9) 
p=wt+ o = sin w 6 (10) 


There is accordingly a small forced oscillation ascribuble 
to gravity, and its critical speed corresponds to w = $22; 
it haan quite incapable of causing trouble in 


In the case of a turbo-generator, for instance, the con- 
stants may have some such values as the following :— 
a= 0.005", c = 0.02”, k = 15”, whence ac/k?= 0.45 x 10-6; 
the deviation from steady motion is aay in- 
appreciable. To put the matter in another way, if the 
speed be kept exactly at 4, the proportional deviation 
from the steady value of r, in this ideal case, becomes in 
time ¢:— 

3 @¢ 08 sin © ¢, 
$ ke 2 

With the above figures, Q = 140 (equation 2), and the 

amplitude of the deviation is :— 


> x 0.45 x 10-6 x 1404, 


Thus it requires about 7 minutes for the amplitude of 
the deviation to increase by 1 per cent, of the steady 


deflection. 
Yours faithfully, 
F. Ww. CaRTER. 


Rugby, April 6, 1916. 

ANTIMONY.—Antimony, says the Moniteur Scientifique, 
has been found at La Lucette, on the Oued Rummel, in 
the district of Constantine, of the French Province of 
Algiers. The ore is Sb, O, and contains some sulphur ; 
it is treated at . in the French Department of 
Haute-Loire, and yields regulus and antimonious lead 
with 91 per cent. of lead. The ore is dealt with mixed 
with the produce of Tunis mines and with industrial 
residues. Antimonious lead is also manufactured in 
other French establishments with another ian ore, 
taken at Hammam N’bail, also in the district of Con- 
stantine ; thisis an antimoniate of iron containing up to 
40 per cent. of antimony, also lead and zinc. 








AMERICAN [Ron Onz.—The shi 
iron ore last year were 47,272,751 tons, as com 
with 32,729,726 tons in 1914, showing an increase of 
4,543,025 tons, or 44.43 per cent. '8 aggregate 
of 47,272,751 tons was made up as follows :—Marquette, 
4,105,378 tons; Menominee, 4,982,626 tons; Gogebic, 
56,477,767 tons; Vermilion, 1,733,595 tons; Mesaba, 
29,756,689 tons; Ouyuna, 1,136,113 tons; and mis- 
cellaneous, 80,583 tons. While last year’s shipments 
showed a increase as compared with those of 1914, 
they were still smaller than those in 1913 and 1912, in 
ee 49,947,116 tons and 48,221,546 tons were des- 
= . Last year’s iron imports into the United 

tates were 1,341,281 tons, as compared with 1,350,588 
tons in 1914, and 2,594,770 tons in 1913. The exports 
were :—1915, 708,641 tons ; 1914, 553,618 tons ; and 1913, 
1,042,151 tons. 


ents of Lake Superior 





LiaBinity oF Manuractrurers. — The Engineering 
Record, New York, states that the purchaser of a motor- 
car was seriously injured as the result of the collapse of 
one of the w! of the car after it had been in use for 
a year. The manufacturer resisted a suit for 
on De Geet that he was not the maker of the w 
but bad bought them from a responsible maker, and 


was shown that the collapse of the wheel was due to 
defective wood. See See, of Sans Ss Gee Se 
manufacturer ‘‘ was ible for the finished product,” 
and could not shift responsibility. The decision 
places squarely upon every manufacturer of any “‘ finished 

uct” full responsibility j 

1 defects in any part of such a product. The Court 
specifically said that a manufacturer is not at liberty to 
put the finished uct on the market without i 
such tests as will prove the absence or presence of 
ight result in injuries ordinary use. 

our contemporary, that we have here a 


i for fajuciae resulting from 


ordinary caution to ascertain that they were sound. It | land 


NOTES FROM THE NORTH. 

Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Neither on Wednesday 
nor Thursday of last week was any business attempted in 
the pig-iron warrant market, there being no declared 
buyers or sellers on either day, a fact most probably due 
to the near approach of the Easter holiday. The market 
remained closed from Thursday to Tuesday morning, but 
again no business was recorded, complete idleness pre- 
vailing, with ihe settlement price at 87s. per ton. 
Similar conditions were noted again this morning, but the 
settlement price dropped to 82s. 6d. 


Scotch Steel Trade.—While the drastic measure as 
originally framed by the Ministry of Munitions, fixing 
the maximum prices of all manufactured and semi- 
manufactured steel material, is not to come into force 
until May 1, there is already a considerably increased 
activity noted in all steel-making establishments in the 
West of Scotland, and manufacturers are doing their 
utmost to as much as possible shipped before that 
date. By this action, and by prohibiting export, Govern- 
ment is obtaining a very full control of all works employed, 
either directly or indirectly, in the production of muni- 
tions and war material of every description, which ought 
now to be available at more reasonable rates. It will 
mean, too, that for the duration of the war Government 
orders generally will monorolise the entire output of the 
works under control. The greatest activity prevails every- 
where in order to get as much finished material shipped 
before the new regulations come into force, as by far the 
larger proportion of this will come under licence on May 1. 
Unfortunately, the holiday has fallen at an inopportune 
time, and has therefore upset the calculations of those 
steel-makers who had quantities of material ready for 
despatch. Ex ices, still being f are gradually 
stiffening, while, of course, the rates for home consump- 
tion are rigidly fixed meantime. Boiler-plates may 
anything from 14/. 10s. per ton upwards; ship-plates, 
137. 10s. to 13/. 15s.; and angles, 13/. 15s. or 14/.—all lees 
the usual 24 per cent. discount. 


Malleable- Iron Trade.—A large volume of work is 
—e. put through by malleable-iron makers, who are 
still busily employed with the orders in hand, the only 
drawback being the continued scarcity of labour. ere 
it possible to procure the services of more skilled 
puddlers, the present output could be very materially 
increased use, as it is, quite a number of furnaces 
are standing idle at the moment. ‘ Crown” bars for 
home delivery are still quoted at 13/. 15s. per ton, less 
5 per cent., and up to 14/. for export. 

Scotch Pig-Iron.—The trade in Scotch pig-iron of all 
grades is extremely brisk, makers finding a ready market 
for all their output. Much inconvenience is being 
caused by the restrictions imposed by the recent Order in 
Council, for the postponement of its coming into force 


until May 1 has again been rescinded. It is expected 
that the fixing of prices will seriously affect the English 
sales of Sco pig-iron, the heavy cost of the carriage, 


added to the already increased rates, being considered a 
serious deterrent to much business with Midland con- 
sumers. There is just a chance that some further altera- 
tion in the Order may yet take — as makers feel that 
the shipment of pig-iron should be on a similar level to 
that of steel. t the moment, unless previously pre- 
entered or shipped under special Government licence, the 
export of _— cannot take place. Prices have again 
gone up, the current rates for makers’ (No. 1) iron being 
as follow :—Clyde, Calder, Summerlee, and Langloan, 
130s. per ton; Gartsherrie, 131s. 6d. (all shipped at 
Glasgow) ; linton, 126s. 6d., and Glengarnock, 130s. 
(both at Ardrossan); Dalmellington, 125s. (at Ayr); 
and Shotts, 130s. (at Leith). 

Technical College and Munitions.—In answer to the 
demand made recently, thirty-nine lathes are now in use 
at the Royal Technica) College for the training of muni- 
tion workers to be employed, after a short course of 
instruction, in shell-making at some of the local Govern- 
ment-controlled establishments. Women are also being 
trained as a welders, and all those at present 
under instruction have already been jengaged by a local 
firm employed in the manufacture of trench-bom 


Large Liner Launched at Dundee.—On Wednesday 
_ aoe — from te yard of — 
pbuilding ineering Company the largest 
vessel yet built at Dundee. The Troilus, a passenger and 
cargo steamer, built to the order of the Ocean Steamship 
Company, Liverpool, is 454 ft. in length, 56 ft. in breadth, 
ans he in. in depth, and _—— ae ne gross, with 
triple-expansion engines o nomi orse-power, sup- 
plied by the builders. 





“* WaTER-FINDERS ” IN QUEENSLAND.—The eens- 

+ employs two officers cially 

designated ‘‘ water-finders.” One works with the auto- 
matic finder, and the other with the old-fashioned twig, 
one checking the other. A remarkable demand for their 
services has set in. In fact, it is impossible to meet all 
the requests in a given time. A report has just been 
submitted to the Lands Department on the el of their 
operations in the Shire of Murgon, where they con- 
jointly eelected a number of sites for wells. Seven cases 
were quoted. In one water to the amount of 600 gallons 
per hour was struck, the pump being unable to reduce 
the flow ; in another, gallons, and in « third 150 
gallons were obtained ; while in two other cases good 
supplies were got without any estimate of the quan- 
tity being given. One farmer went 20 ft. and obtained 
a small y ; another struck salt-water. The farmers 








(Re=xg 


(2) 





defective parts of assembled machines or equipment. 


had to sink from 75 ft. to 280 ft. toget the better supplies. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—The holidays have had a 
quieting effect u the situation, and have given col- 
lieries and merchants an opportunity of reviewing the 
ition. The opinion prevails that the outlook is much 
ighter than for some consi time past. ilway 
facilities are becoming more normal in their application 
to colliery traffic, it is expected that pits will now 
commence to work more regularly with the arrival of the 
fine warm — “ — made at wee collieries 
to-day, and in almost all cases the report was ify- 
ing = of the in the number of absentees. 
There is a heavy demand for prompt deliveries of steam 
fuel, for works have practically absorbed all floating 
stocks eg | the last few days. Collieries, however, sre 
contenting themselves with fulfilling contract accounts, 
with the result that other prospective buyers are not able 
to secure supplies. Shipments have not been up to 
the usual average of the South Yorkshire area, although 
France has received comparatively large consignments. 
Inland works are taking good tonnage of gas fuela, but 
transactions are solely on account of contract. Smalls, 
nuts, cobbles, and slacks are very hard to obtain, even 
at top prices, and works are experiencing great difficulty 
in securing adequate quantities. The house-coal position 
is becoming easier week by week, and colliery agents 
and merchants are not now anticipating any serious 
trouble in this section. Given a continuance of the 
resent fine weather, they are confident that they will 
be able to wipe off the remaining portion of the arrears 
which have accumulated. A noticeable feature of late 
has been the enormous increase in the use of coke for 
various purposes, and the consequent larger orders have 
given prices a shi upward tendency. Quotations :— 
Best branch hand-picked, 20s. 6d. to 2is. 6d.; Barnsley 
best silkstones, 18s. 6d. to 19s.; Derbyshire best brights, 
17s. 6d. to 18s. 6d.; Derbyshire house cval, 16s. to 17s.; 
best large nuts, 15s. 6d. to 16s. 6d.; small nuts, 15s. to 
16s ; Yorkshire hards, 16s. 6d. to 17s. 6d.; Derbyshire 
hards, 16s, to 17s.; best slacks, 12s. to 13s.; seconds, 11s. 
to 12s.; and smalls, 8s. to 9s. per ton. 


Tron and Steel.—After having devoted all the available 
resources of the local steel industry to the imperative 
call for munitions, the Sheffield manufacturers are now 
confronted with the rather serious problem of a shortage 
of material. The scarcity in the supply of steel has now 
reached a point when it is giving rise to grave concern in 
trade circles, and the Government is urged to take 
strong action to deal with the situation. The restric- 
tion on the export of steel ingots, blooms, billets, &c., 
is regarded as a wise move, but something further in the 
shape of re-organising the supply is wanted. France and 
our Colonies have been big customers for ingots, blooms, 
billets, &c., and it is felt that the authorities may allow 
exportation to these countries only under very 8 ly- 
defined regulations. The consumption of steel for 
Government purposes alone records an increase almost 
daily, and there is no likelihood of an early diminution. 
On the contrary, when many of the new works are in 
complete running order, there will be an extended use. 
To-day local makers are employed almost entirely in 
fulfilling Government requirements. The market retains 
its settled atmosphere. Foundry iron is in freely 
asked for, but Lincolnshire and Derbyshire makers 
seem to concentrate on forge iron, for which there 
is a very pressing demand. Prices all round are at the 
maximum. A sharp rise for certain qualities of hematites 
would have been experienced this week if the Govern- 
ment scheme had not been in operation. Spanish ore is 
now round about 40s., with delivery, or an advance of 5s. 
to 6s. on the price the consumer is asked to pay on the 
Government scale of rates. To recompense makers, 
therefore, the Government have now to come forward 
with their promised subsidies. West Coast hematite is 
marked at 136s. to 140s., with delivery here, and East 
Coast remains at 128s. 3d. For export purposes makers 
are receiving fully 12s. above these figures, but the 
Government subsidies do not extend to this trade. Shef- 
field’s requirements of hematite, especially of mixed and 
ary - ades, is advancing, and it is satisfactory to note 
that deliveries are of an ample description. 
markets prices are easier, steel and wrought-iron scrap 
being plentiful. The general trade of the city is remark- 
ably active. Agricultural machinery and implement 
manufacturers have had a very busy month and have been 
able to execute nearly all orders, despite reduction of 
skilled staffs. The latest War Office contracts are for 
enormous quantities of clasp-knives, table-knives and 
forks, razors, butchers’ steels, constructional steel and 
tools, and electro-plate. The main feature of the over- 
seas business is the large number of indents for machine- 
knives, drills, saws tools. 





OxtpaTion or Storep Coat.—A somewhat belated 
reference to experiments made by Alvin Cox with Philip- 
pine coal appeared some time ago in the Abstracts of 
the Journal of the Chemical Society, the original account 
having been published in the an Journal of 
Science, of 1912, vol. vii., pages 297-314. The conclu- 
sions arrived at seem to confirm previous experiments. 
When the coal was exposed to air or oxygen in a closed 
vessel, the gas pressure first decreased and then increased ; 
that would indicate that oxygen is absorbed, but that 
carbon dioxide is not at once produced and liberated, 
pa — product being some peroxide. The rate of 

xidation i 


calori 
tion. 

























pee A of Cleveland pig-iron, 

eupesiagses 
tinental customers are very anxious to place orders, and 
are 
— meets 


export trade, ng. ex 

tion for No. 3 ae be put at We 6 
a pen gee he b + he s 
small parcel, an gure would readi paid again i 
delivery could be guaranteed 4 i 
No. 3 remains at the fixed maximum of 82s. 6d. Holders 
of Middlesbrough —— warrants still refuse to quote, 
and have not nam 

82s. 6d. cash. 


hematite pig-iron to dispose of, and few makers are in a 

position to sell for supply earlier than three months 

ahead. Business in this oh, of the staple industry is 

omy ae almost at a standstill. Quotations for 
0s. i, 

and 140s. for export. 


pments 
prevailing, shipments of pig-iron must be 
@ satisfactory scal t 
patches from the 
tons, as com 
month, and 


37,766 tons are No. 3 quality, and 2526 tons other kinds of 
iron delivera) 
tons of No. 3 have been taken from, 
standard iron added to, the stores, giving a net reduction 
of 17,019 tons. 


trade. Demand all round is good, and the output is 
absorbed. i 


medium blast-furnace 
ovens for sorts low in phosphorus. 
at round about 45s. Gas house coke runs from 27s. to 


concerned is still peculiar. Freights in the open market 
are coming down in commequense of 

Government. Steamers Bilbao-Middlesbrough can now 
be fixed at 21s. 6d., but consumers of foreign ore paging 
to manufacture iron for home use have the 

arranging Bil 

Government, at 17s.; and as the f.o.b. price of Rubio of 
50 per cent. quality is 17s. 6d., the ex-ship Tees price may | 1m conseq 
be regarded as 34s. ket the | volved by 
quotation is pee —— 39s. There ® no buying, a. 
ever, except by controlled companies. Very good supplies 
of ore continue to come to hand. To date this month 
imports of foreign ore to the Tees amount to 145,644 tons. 


iron and steel are kept working at full 
Government work, to the continued exclusion of ordi- 
nary commercial business. 

the ordinary Easter holidays have been i 
firms. The following are among the 


oo, - ; packing 

ip - ton 112. 10s. ; 

ship-plates, 11/. 10s. ; steel ship-angles, 11/. 

on ee es Ce ay ee See 
net. 


In the scrap | P 





, varied with the amount of previous exposure | the decrease 

to air. Oxidation and deterioration were observed in| amounted to 6,500,000/. ; it should be noted, 

atmonpheres of nitrogen and of carbon dioxide. The that the percentage 
c¢ value of the coal was sensibly reduced by oxida-| to the total im 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrppiesproucH, Wednesday. 
The Cleveland Iron Trade.—The ony and growing 
ib chectalag ipmnece See shige 
ino cences for shi 
to very po dimensions. —~ 


prepared to Pay very high rates ; but their efforts to 
with little success, most of the iron now 
made being required for home use. li 


ing 
however, is still passi The 


t) 
quotea- 
6d., but, 
this week been paid for a 


For home consumption 


a price this month. Buyers offer 


Hematite Iron.—Second hands have no East Coast 


2, and 3 stand at 122s. 6d. for home consumption, 

Shi; and Stocks of Pig-Iron.—Under conditions 
ied as on 
le. This month, to the 26th inst., des- 
+ of Middlesbrough amount to 33,911 
with 34,660 tons to the same date last 


ble as stand: So far this month, 17,166 


and 147 tons of 


Coke.—Little new can be reported concerning the coke 
‘= 
continue heavy, 


at 28s. at the ovens for 
inds, and u : 


Foreign Ore.—The situation so far as foreign ore is 


oundry coke is 


the action of the 


liens @ 
bao-Middlesbrough freights, the 


6d., though in the open mar 


Manufactured Iron and Steel.—Producers of finished 
ure on 


So short are supplies that 


— ~ 
on iron ~y_ om 


bars, 131. 15s.; best 


iron ship - 





IMPORTATION OF COMPETITIVE MERCHANDISE INTO 
AusTRaLia.—H. e Commissioner for Australia 
has furnished the following table illustrating the share 
of the United Kingdom, the British Dominions 
ossessions, and the United States in the importation of 
** competitive merchandise” into the Commonwealth of 
— in the year ended June 30, 1915, totalled 


B 





1913 1914 1914-15 
os (Oalendar (January to (Year ended 
Year). June). June 30). 





| £ Re. £ Ree. £ p.c, 

Total .. . }60,551,516 100.0 31,256,142 100.0/48,867,011 100.0 

Of which, 
from— 


United King- 








iom .- |38,285,340 63.2 19,285,214 61.931,7382,974 64.9 
British Do- 

minions and 

Possessions _ _ 1,899,075 3.8 
German ..| 6,886,441 114 8,502,267 115 _ 
United States) 7,125,145 11.8 3,708,398 11.9 7,480,170 15.2 
All other 

countries ..| 8,254,500 18.6) 4,660,254 14.7 7,804,792 16.1 
From the f 


oregoing table it will be seen that, of the de- 


in 
of imports from the United 

actually increased from 
cent. in 1913 to 64.9 per cent. im 1914-15. 




















i 


of freight are lower ; but stocks 
the same time there has been a strong curreat demand. 


Western Trade Matters.—The profits of the Sutherland 
Steamship Company for 1915-16 amount to 306,973/., of 
which 242,000/. is carried to ; the dividend for 
1915-16 is 30 = cent., as com) i i 
1914-15, and 15 per cent. in 1 

il has received a 


agreed, on certain 
main on the Mumbles-road.—Mr. Watkin 
for the Rhymney Iron Company’s Rhymney ona 
lottyn Collieries, will be snortly relinquishi i 


office for the important appointment of t at the 
Lewis-Merthyr Collieries, Hafod. Te at Welsh coal 
from Bristol ports in were :— 


1,608,161 tons, as compared with 1,923,279 tons; bunker 
4, with 433,139 tons. Oargo 


tons, as compared with 296,213 tons.—The Griffiths- 
Lewis Steam Navigation Uompany, Limited, will pay 
an interim dividend of 6 per cent. on May 1.— 
Muir Mackenzie, in making his first wages award as 
independent chairman of the South Wales Conciliation 
Board, has failed to satisfy either side, for the miners 
have passed a resolution ex: i “profound dis- 
satisfaction,” while the coal-owners contend that his 
Lordship has not done them justice.—In consequence 
of the continuance of the war, the directors of the 
Lampeter, Aberayron, and New Quay Light Railway 
state that no report of the working te of the 
railway can be put before the shareholders. The 
amount a by the Great Western Railway Com- 
pany for past By is 468/., as compared with 518/. 

uence the higher rates of interest in- 
{ the war, the company has to pay an addi- 
tional 1 per cent. per annum on an overdraft.—The 
directors of the important shipping company known as 
Frederick Leyland and Co., Limited, return the profits 
of the undertaking for 1915 at 1,441,690/., as compared 
with 551,637/. in 1914. An allocation of 750,000/. has 
been made to the reserve for 1915 ; a similar allocation was 
made in 1914. Depreciation allowances amounted in 
1915 to 995,007/.; in 1914 the corresponding allowances 
were 314,449/. Preference dividends absorbed 176,7941. 
in 1915, as com with 424,305/. in 1914, arrears 
having been cleared off in that year. A dividend of 
184 per cent. is proposed upon the ordinary shares for 
1915 ; in the previous year no distribution was made 
upon the ordinary capital. The great change observable 
last year in the position of the ordinary shares was due, 
of course, to record freight rates. 





PrRsonAL.—An agreement has been concluded with 
Mr. Clifford C. Paterson, M.I.E.E., A.M. Inst. C.E. 
principal assistant in charge of electro-technical and 
photometric buildings at the National Lt ay Labora- 
tory, to join the Osram-Robertson Lamp Works, Limited, 


= irector of egy for research and oe manu- 
uring purposes. e t will commence at 
the contiuden of the war, or teleee that date, if possible. 

Tue Late Mr. JouHN Jerreeys.—Many of our readers 


will learn with a of the death of Mr. John Jeffreys, 
which occurred, after a short illness, on Good Friday, at 





Kinburn,” Egham Hill, Surrey. Mr. Jeffreys, who 
was a heating and ventilating engineer, ~m on 
December 30, 1851, and received his pri education 
at a boarding school at Redhill, Surrey. He was ap- 


late Mr. Henry Fuller, architect and 
Manc! 


hester, from 1867 to 1873, and for 
four years subsequently was with Messrs. Matthew T. 
Shaw and Co., constructional engineers, of London, 
yy yy and afterwards as works in- 
spector. After leaving this firm he became assistant 
manager to Messrs. Rosser and Russell, heating engi- 
neers, acting in this capacity until 1881, when he ocom- 
menced business for himself as a specialist in heating 
and ventilation. From that time he was responsible for 
the and installation of heating and ventilating 
plants in some hundreds of public and pri ildi 
including the Admiralty buildin the Pradential build- 
A, ce, H.M. Record 
ce, the Government ies in 
the Institution, &. Mr. Jeffreys was ao 
member of the Institution of Mechanical Engineers, to 
which he was elected in 1902. He was also a member of 
the i iety of Heating and Ventilating Engi- 


mill engineer, of 


neers, of New York. 
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THEORY AND PRACTICE IN THE 
FILTRATION OF WATER.* 
By Water CLEMENCE. 
(Continued from page 393.) 
4. Cawnrone Water Works (Fic. 7). 


installation at Cawnpore, India, was con- 
and consisted of three settling-tanks and 
peepee fy | 200 ft. by 100 ft. In -_ there 
were seven such filters, which were ca; of di 
with 44 million gallons daily at ~ goon when suppli 
with water previously settling-tanks ; 
to do this it was necessary to em ri a 140 lb. of sulphate | Clean 
of alumina at 5/. 12s. per ton or each million gallons | bee? 
treated. The raw water of the Ganges is always turbid, 
and exceedingly so in the monsoon season and for three 
months afterwards—that is to say, from July to Decem- 
ber inclusive. 
_ In 1910 it was decided to increase the cagneity of the 
installation to 7 million gallons daily, and three schemes 
were considered : 

(a) An increase on the existing 
a@ new set tank and five new sand filters, estimated 
7" cons 104164 ical filters of the gh 

i ters vity type, as “‘ roughing 
filters,” estimated to cost 1 12, 6661. 
at c) The —— of the aye ee into a bm ig 
tration t by providing degrossisseurs 
filters and Toevuciats the average speed on the final filters, 
at an estimated cost of 11,466/. 

Com ms are sometimes made between the cost of 
various systems of filtration, and these are frequently 
misleadi as local circumstances are not taken into 
consideration. It may therefore be of interest to con- 
sider the local conditions in connection with the three 
estimates given above. Mechanical filters are obviously 
more costly in India than they would be in Europe er 
America, as aa a skilled labour for their manu- 
facture, particularly if special nozzl gearing, and other 
devices are employed, and they must ted in India 
under skilled supervision. On the Ghee te hand, Indian 
labour is cheap, and ordinary straight brickwork such as 

pee ar Fah © construction of sand filters, &c., can 
completed for 10s. per cubic yard for labour and materials. 
Ferro-concrete ie expensive owing to the high cost of 
cement (from 5l. 5s. to 5/. 15s. per ton, deliv at inland 
stations), and to the fact that skilled supervision is re- 
quired ; so that of the above estimates— 

on Is — because only brickwork and earthwork 

“OTs ighest for the reasons already stated. 

Included a considerable amount - ferro-concrete 
work and special fi p Sew from Europe, which 
counterbalanced the by constructing 
the walls of the filters  taiweck, and the total cost 
al be taken as equal to the cost of similar work in 

urope. 

As to working costs, scheme (a) would have cost the 
same per million gallons as the original plant; (b) would 
have required nearly double the expenditure on sulphate 
of alumina per million ons, and with frequent clean- 
ing of the mechanical filters during the monsoon period, 
night labour would have been necessary. 
or the increased water supply at Cawnpore, scheme (c) 

was ado on recommendation of Messrs. James 

and Sons, London. The multiple filters and 
—_ De age pe to the existing sand filters were 
mea econ in the autumn of 1912, and the “oo 
under observation for two seasons. ane ae. 
pe AN ——, shows the oan qe § ~ ; 
set’ jegrossisseurs, pre- a the 
final fi 7 a dotted lines noe the which 
would have been occupied had the installation been en- 
on the original system of working with a 
basins and sand filters. e arrangements 0} 
the original plant have not been altered in any way, 
= sand filters can still be supplied from the settling- 
tan 

The filters are drained 4A a double layer of standard 

bricks over the whole surface of the floor. In 


latter is o! 
dry season, and i ee 
oer for slow 
this sand is given, 
Suitable ** loss-of-head ” 
The multiple filters ma; 
raw-water mains or "from the 
however, the f 





+A these works as modi 
be found in Encrnzerinc, December 12, 1913. 


lines by the addition of |: 


be | Vals 





there is no Ag wy > ~ be gained by this method of have been kept for many years, and systematic observa- 





working, the results obtained by supplying = tions of the working of the new installations were made 

water to fy d urs are generally better than during the hot weather and monsoon rains in 1913 

those obtained with water previously circulated over the and 1914. These observations were carried out without 

surface of the settling-tanks. The reasons for this will | | Varying the ordinary routine of the water works in any 

be discussed later on. way. ‘During 1914 the recorded observations were 
The multiple filters consist of three series of degros- limited to the iod from May 20 to August 12; but as 

conte, of four units, and eight pre-filters. The | this covers the hot season and the monsoon period to the 

mer 

by air from a Fig.7. _CAWNPORE WATERWORKS. 

Root's blower driven by DIAGRAM OF MULTIPLE FILTERS. 

an oil-engine. The pre- FS 


filters are at present 


bus cleaned by hand, bat have 


wi e 
dividing walls 28 ft. from 
centre to = od te 
rails may to 
carry & travelling brid, 
with Boistel attomati 
moles as fit to 
P Rata, and - 

‘aris, Rou else- 
of this 
filters 


where. 


——— means 
apparatus 


may be scraped af with the 


minimum amount of 
labour without emptying 
a ey 
are pro- 
7 teen with 4 form 
Looe 
with 


eel — wt ria ~ Mh the 
the water is 
Satetes higher than is 
Riration in ordinary slow 
tration. Fig. 9, an- 
shows the form of 
this bi which is made 
in cement or terra-cotta. 
The blocks are perforated 
with small holes at inter- 
of 1 in. in each 
direction, so that the 
water has a tendency to 
fall vertically through the 
filtering materials over 
the whole surface of the 
filter, When solid blocks 
or ordinary bricks are em- 
ployed d with sand filters, 
the water passes in the 
direction of the joints 
between the and 
experiment has shown 
that there is a marked 
improvement in the per- 
formance of sand filters 
titted with perforated 
blocks over those 
with drains formed of 
solid bricks. A diagram- 
matic section of the 
filtering installation at 
Cawnpore is given in 
Fig. 7, annexed. The 
filtering surface eto 
an tana, 2 
seurs, sq. fb.; pre. 
filters, 33,500 sq. ft.; and 
final filters, 140,000 sq. ft. 


ba ym 
peed in 
eet per 
. our. 
Series 1 ” 91.43 
ies 2... ™ 12.82 
L i rs 
ies 3 7.14 
Pre-filters 1.39 


Slowsand filters 0.33 


Period. 







IZ 
Se a 


bee 






















—~-— 
(4128 .F) Degrossisseurs 
8. CAWNPORE WATERWORKS. 


PLAN OF FILTRATION PLANT. 


9. 


DRAINAGE BLOCK. 


——o ee: abe 


























4728.6.) 


Settling-Tanks 


Recorps oF Workine oF Sanp Fitters: Cawnporz Water Works. 


1911. 1912. 1913. 1914. 


Calendar 














| Quan eo " Quantit Filter antit Filter uantity Filter | Days. 
| F Fieoces Filtered. Days. Fitered. Days. | Viltered, Days. 
| 
May 20 to 31 ..| 65,475,692 62 61,008,672 67 51,340,000 52 62,440,000 84 | 12 
July . bs ~-| 144 "105,352 173 | 124,811,909 161 135,840,000 , 143 152,936,600 209 30 
oo --| 136,118,888, 195 122,692,561 169 132,800,000 154 150,258,000 206 | 31 
a 1 to _ i ° 61, "725, 812 | 76 49,039,167 63 57,760,000 59 53,280,000 81 12 
| 386,420,644 | + 347,547,309 377,740,000 418,914,600 85 
| | 
Average per day... --| 4,546,125, — 4,088,791 — 4,444,000 — 4,928,407 — /Actualrun of 
} filters in 1914 
Number of saad days .. } 506 _ 450 _ 408 — 580 -- 1,133 
Number of clean 89 = 107 _ 24 -- 7 = 7 
Average run of filters between 
scrapings 5.68 days _ 4.20 _ 17 _ 82.85 -- 162 
Gallons = filter Leemaiel . 
scrapings 4,337,685 - 4,243,773 _ 15,739,161 _ 69,839,738 ~ | 117,007,093 
Gallons per square foot be- 
tween scrapings .. .. 216.88 _ 212.18 - 786.95 _ 2991.98 _ 5850.35 
Oubic feet per square foot, or 
height of columns between 
ecrapinge --| 84.75 = 34.00 ~ 126.11 = 479.48 _ 937.55 





Careful records of the working of the Cawnpore filters | maximum rise of the Ganges, it is possible, by comparing 


natch poe = a successive 





* See Enoinzerine, February 17, 1911. 





years, 
of multiple filtration over 
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= __——___- a) 
ordinary sand filtration following decantation. The Days. Captain C. L. Dann, I.M.S., who had charge of the 
results are shown by the table on page 41 ae) observations on the wasting of the multiple filters at 

In comparing the years 1913 and 1914, it should be » 3. .- tate ne - 17 Cawnpore in 1912-13, reported to the Sanitary Board of 
stated joc 1 b afm oe pet ps danmeet yy at the com- » 4 A or ae - WT the United Provinces as follows :—‘‘It is evident that 
mencement of rcs of observation in 1918, and the » 5 209 in the period with the end of one 
figure of 126.11 y the average ” 6 

. 


186 . breaki: 

amount of — done "by cock ow filter between scrapings, 178 he head Sitcon —— myo _ eodenai ~ 41 
” uire no 

as expressed by the height of a column of water which! The average run was 162 days; total filter days worked, | This shows a = impro ix “-¥ 


on 
CAWNPORE WATER WORKS, 19:3. affairs prevailing before the adoption of maniete Stnett 
Fig.0. DAILY RECORD OF WORKING OF OF ‘SANDFILTERS — nthe same sand flere had na to be ee ane 
- pao tt itis rte fe juken en gusset are 36 om oad The The shaded por Sees rom Bee ms, isribaied over dew ters ve? ae 19 
ke : the dates when the Filters were scraped: ae Tale = we :—April, 1911, 











33; June, 37; July, 1g. st, 18; t- 

uity Filtered. ember, ‘thie 16 ; November 4; Deven aber, 0 
‘Loss of or head. January, ign 17; February gor Naren 18. 

Maximum garanteed delivery of Filters irv combined working. quantity filtered during 4 said was 1 anon 

re average of sty gallons for each scraping. 

§ hry ee ec, 2400. i Corres omnia 
or cub, ft. per og: tween 

a NI. . June as an average for the whole year, compared with 34.75 ft. 

for the same filters in May to. August, 1911, during the 

hot weather and rains, as shown in the comparative 

table of four years’ working already referred to. The 

of 937.55 ft. for 1914 also covers May to August, so 

t by comparing the results for the same season in 1911 

and by it will be seen that the same filters when form- 

ing. Ge nal units in a system of multiple filtration in 

which no chemicals are used, are nearly twenty-seven 

times as efficient as when dealing with the same water 

‘ak treated with sulphate of alumina in settling- 


nari So Me, 10, annexed, » fad Bie. 11, on 
me diagrams show for each of the seven final 
ters the quantity of water filtered each day, and the 
a ‘loss of head” required. The horizontal dotted 
line indicates a deliv one million gallons per day 
for each filter, a quantity which represents the maximum 
culaved capacity of the installation. For local reasons 
the conditions in 1913 and 1914 were not favourable to 
ob the best results, and in both years there was a 
serious deficiency in the thickness of mm in the final 
filters, which should vary between 2 ft. as a minimum to 
FILTER N°3. 2 ft. 6in. asa maximum. The actual thicknesses during 
36 the period represented by the diagrams were as follow :— 

Filter. 1913. 1914. 

Ft. In. Fo. In. 
No. 1 1 


— He hs at a to tae 


x 2 0 












1,500,000— 


a 
1,000,000 — 


500.000 —=— 


FILTER N°2. 
36 


1,500,000 


4,000,000 


500,000 





1,500,000 — 


1,000,000 


” 
500,000 


” 


NIAos cw 
ee 

NIAaD 
nS BO BD 
AIWASSOHAR 


2 The number of scrapings » during the monsoon of 1913 
vee oe. showed a great improvement over previous years, 
although the filters were in fone ate 
experienced staff, and were wor! in a very irregu 
manner, as shown by the m, as, although the | 
daily demand varied very slightly, the speed of the filters 
in use was altered from day to 1 day aut aay y wqaeny 
It was found from observation tha = 

were not yielding the results anticipated, analyses 
by Dr. Rideal showed an increase in the amount of free 
ammonia and oxygen consumed in the water after passing 
through certain units. This led to inquiries, and it was 
FILTER N75. found that during the construction of the works a con- 
56 1" eee A of imperfectly washed sand had been 


1500,000— 


1,000, 





1,500,000 out of eight of thet filters. The remain- 
ae ing om oh pre-filters were — with carefully-washed sand, 
nu“ which was examined by the author before being placed 
in the basins. 
In the report of Captain Dunn, 1.M.8., on his obser- 
12 vations on the working of the he installation yi 1913, 
500,000 


the figures given relate almost entirely to the results 
from pre-filters Nos. 1 to 4, which contained the unwashed 
sand. During June, July, and August, 196 analyses 
were made on effluents from these pre-filters, and the 
FILTER N°6. average number of bacteria on agar after 48 hours is = 
as 88 per cub. cm. An analysie from pre-filter No. 6 
filled with wacker sume guce BS sae 6. om. 

Fig. 10, annexed, shows that as the filters 
are worked at # regular speed, the line or loss of head 
remains nearly parallel to the line representing the 
quantity filtered. If, however, a sudden load is put 
upon the filter, it is found that the increased loss of head 
required for the higher paatity must be maintained even 
ater Bo culpes © eee mA wy ET 

or scrapi' is appears ue to compres- 
ws sion of the u “layer of fine sand owing to the sudden 
—— als increase in the load, as it is found that the sand fil 
in a multiple- filtration plant can be run for very 
a without scraping . the an newly is increased gradu- 
when an extra outpu 3,108 a 

~~ June 9 to August, 8, 1 — the installation was 
supplied with raw water d direct on to [>> 
——> For BoB = period the 


ph ay Any through No, 3 paeemny Pow 2, te will be be 
the plan, Fig. 8 12), the denen from 
the inlet to the settling- to the outlet to the de- 


pA 1 
May June. July. Anqus?. no particular advantage to be gained by this method of 


supply. 
had passed through. Figs. 10 and 11, on the present 1133 ; number of scra The average number of Mithough ‘some useful information was obtained from 
and page 414, record the working of the & e filters from May 30 ions passed throug! =, filter was 117,007,093, or | the observations made in 1913, the Local Government of 
to August 12, 1913 and 1914, and the days when the fil ters .35 gallons sq. ft. This represents a column of | the United Provinces desired a more satisfactory test to 
tec = — Sy ated vertical columns. It| water 937.55 ft. high, and i tie result we Leary desing be meade, 8 the author to arrange for further 
t in 1914 ter was cleaned only once, | the most tryin iod of the year, and wi use } c 

although they had all been working for considerable TJ eadeiate’ ol chenton ina or any other chemical. For the | decided to cut the banks of the settling-tanks as already 
periods before the observations were commenced. The whole year the average height of acolumn of water passed described, in order to circulate the raw water over the 
actual time of working of each filter wasn between scrapings is very much higher than this, as, | surface of the three basins. The pre- 
Days. | except during bed canther and meussen, oe Sul filters 1 to 4 was remo 

PRG ete Bad aie eda Fe 80 filters do not ned saguice cleaning. this necessitated the use 





1,500,000 


a 
1,000,000 


12 





1,500,000 


24. 
1,000,000 





@72an) 
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for three months, it was impossible to bring the sand in 
the final filters to ite proper thickness. Two filters, how- 
ever, Nos. 1 2, were supplied with the full thickness, 
2 f». 6 in.,-of fine sand. © settling-tanks were very 
foul, and unfortunately they were not cleaned before the 
commencement of the tri 


Under these conditions the installation was placed in | each 


c of a foreman who had previous experience of 
Fer a cin the posied ovaned Wy tha Sapam Fie. 1 
c a period cov: ig. 11, 
annexed. e settling-tanks quickly gave trouble. 
By tn and ot Se 0 ee Vaucheria 
sessilis, almost completely blocked the which are 
10 ft. in depth. As a consequence the water formed 
channels for itself round this mass of vegetation and 
scoured the mud from the sloping sides of the tanks. 
Tt will be evident that had the water been passed direct 
to the wal 3 > yo would — become choked 
v uic’ wi eveloped from s carri 
pa rom the pth «4 in the cottling-tanks. Bat, asa 
matter of fact, the spores were completely arrested by 
the pre-filters, and for two years there has been no deve- 
lopment of alge on the final filters, which formerly were 
rapidly blocked from this cause. ‘ . 

As Fig. 11 shows, the work of filtration during May 
and June was divided evenly over the whole of the seven 
filters. Any variation in demand was met by in- 
creasing the speed of all the filters, and it will be noted 
that the lines representing the daily delivery are nearly 
parallel. The lines showing the ‘‘loss of head” show a 
rise and fall corresponding with the speed of the filters, 
except in the case of No. 3, the “‘ loss of head” of which 
inoreased rapidly from June 12 to June 24, when the filter 
was scraped after working for 173 days. The thickness 
of sand on this filter was, however, only 1 ft. 3 in. 

After the monsoon had set in, the Government desired 
the filters to be tested to 75, gallons per sq. ft. per 
24 hours, equal to 10,500,000 gallons per 24 hours over the 
whole of the filters—a very severe test for an installation 
designed for a maximum output of 7,000,000 gallons. As 
a result, the whole of the filters had to be scraped shortly 
afterwards, although the test enabled some useful in- 
formation to be obtained as to the capabilities of the 

lant. In the case of filters Nos. 1 and 2—the oy filters 
coving the proper thickness of sand—the yield of No. 1 
filter was increased from 365 gallons per sq. ft. 24 
hours to 75 gallons with an increase in ‘“‘loss of head ” 
from 3 in. to6in. On July 10 the output was suddenly 
dropped from 75 to 15 gallons, and as suddenly increased 
on the following day to 50 gallons. The result of this 
i lar working was that in a few days the ‘‘loss of 
head” rapidly increased, and the filter was scraped on 
July 18. Ib was set to work again on the following day 
at its maximum designed of 50 gallons per sq. ft. 
per 24 hours, and was —_ at this speed until the con- 
clusion of the trials on August 12, when the “loss of 
head” required to yield the maximum delivery was 3 in. 
only. Considering the turbidity of the Ganges at this 
season, the result shown is quite remarkable. 

It is to be regretted that the severe test referred to 
above was applied to all the filters, as it has so far been 
impossible to ascertain, in a satisfactory manner, the 
maximum length of run which can be obtained from these 
filters under normal working conditions. No. 5 filter, 
though working with only 1 ft. 3 in. of sand, had been 
— for 209 days when it was scraped on July 22, as a 
result of the sudden load put upon it on July 10. After 
—— it was run continuously at 55 gallons per sq. ft. 
per 24 hours with a ‘‘loss of head” of only 3in. Careful 
records were kept of details of the cleaning of the various 
units of the installation from May 20 to August 12. 
The a of water filtered has already been stated, 
and from the information obtained during the trials 
it is possible to calculate the actual labour involved 
in working the installation for each million gallons of 
water filtered. In considering these figures it should be 
remembered that they relate to a period of the year 
when the river reaches its maximum turbidity, and the 
working costs million gallons for the whole year 
would be considerably less. 


Summary of Working, May 20 to August 12, 1914. 
Cawnpore Water Works. 
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May 20 to 81.. 
June l to 30. 
July 1 to 81 .. 
Aug. 1 to 12.. 


Totals 


= 
wo 


.. 80/108 106 418,914,600 


_In similar installations in Europe, where the degros- 
sisseurs are cleaned by air, work is easily performed 
by one man. At Cawnpore, where coolie labour can be 
° d for 2 or 3 annas day, three or four are em- 
plored, though the author found that an intelligent 

ian mistry could do the work by himself quite as well 
as a European workman. The above table shows that 
the actual time occupied in cleaning the units of this 
part of the installation (that is, from the time the unit 
was isolated for cleaning to the time it was brought into 
use again) was 487 hours 55 minutes for 418,914,600 
or 1 hour 10 minutes per million gallons. “The 
time during which the oil-engine and blower were in 
use was 191 hours 53 minutes, or 27 minutes per million 


gallons. The blower absorbed about 8 brake horse- 
power, and a 12-brake-horse-power oil-engine was used. 


of each is 4191 sq. ft., it was necessary to scrape 192,786 
sq. ft. while filtering 418,914,600 gallons, or 460 sq. ad pw 
million gallons. Allowing for 4 in. of sand removed at 
scraping, it is necessary to remove, wash, and 


Fig. 
The Loss-of-head is 
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pre-filters were scraped 46 times, and as the area 


> Gadi ee, See were scraped for each mil- 
lion gallons filtered, and allowing 4 in. of sand removed 
at each scra) , it is necessary to remove, wash, and re- 
lace 7.12 cub. ft. of sand for each million gallons filtered. 
tis, however, probable that the figures for the sand filters 
will show considerable improvement in future, as the run 
of the filters, on which the average figures are based, was 


CAWNPORE WATER WORKS, /9/4. 
DAILY RECORD OF WORKING OF SANDFILTERS 
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FILTER N22. 
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sere R N24. 


1,500,000 
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FILTER N°S. 
36 


1,500,000 —— 


1,000,000 
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FILTER N°6. 
36 


1,500,000 ——— 


FILTER N27. 
36 


(4728.1.) 


May 


replace 19.16 cub. ft. for each million gallons of water 
° 1. To estimate ohne ja pene aly the Lom 
ters it is necessary to go period covered by 
the di and tables, and to take the quantity actually 
i i hen the 
were 
As already stated, the average run 





was 162 days and gt my filtered for each scraping 
117,007,093 gallons. area of each filter is 20,000 sq. ft., 


not shown, it ts to be takery as exceeding 36 
the dates when the Filters were scraped. 


June 


In w reached 44 inches. Where 
irdicate 


only. In some cases 
tnches. The shaded columns t 


guranteed delivery of Filters ir combined working 


June. 


July August 


curtailed owing to the severe test to which the yoann 
the heightof the monsoon season. Under the itions 
in 1912 1t was to scrape 20,000 sq. ft. of surface for 
4,243,773 gallons filtered at the same season of the year— 
that is, 4713 eq. ft. per million gallons, or 196.25 cub. ft. 
of sand to remove, wash, and replace for every milli 

of filtered, against 26.28 cub. ft. from the 
pre-filters and sand filters combi 

To be continued.) . 








